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PREFACE. 


book is intended for those who are beginning the subject, 
^or this reason, special oare has been taken to select for 
treatment such compounds as best serve to make clear the 
fundamental principles. General relations as illustrated by special 
cases are discussed rather more fully than is customary in books 
of the same size ; and, on the other hand, the number of com- 
pounds taken up is smaller than usual. The author has endeav- 
ored to avoid dogmatism, and to lead the student, through a 
careful study of the facts, to see for himself the reasons for 
adopting the prevalent views in regard to the structure of the 
compounds of carbon. Whenever a new formula is presented, 
the reasons for using it are given so that it may afterward be 
used int-elligently. It is believed that the book is adapted to 
the needs of all students of chemistry, whether they intend 
to follow the pure science, or to deal with it in its applicU' 
iions to the arts, me<1ioine, etc. It is difficult to see how, 
without some such gfuieral introductory study, the tecimical 
chemist and the stmlcnt of medicine can comprehend what is 
usually put bcfort^ them under the heads of ** Applied# Organic 
Chemistry and “ Me<Hcal Chemistry.” 

Without some direct contact with the compoimds considered, 
it Si impossible to get a ^ clear idea regarding them and their 
changes. A course of pro{>erly selected experiments, iUust^ing 
the metMSs tised in preparing Use principal classes of com^ 
pounds, and the fundaipental reactions involve in their trans- 
£(^rmationa^ wonderfully facilitates the study. The attempt haa 
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beea made to give direction* for such a course. More than 
righiy* experiments vphich could be performed in any chemical 
laboratory are descrihed; and it is hoped that the plan may 
meet ^ith approval. "Hie time required to perform a fair pro- 
portion of these experiments is not great; and the results in the 
direction of enlarging the student's knowledge of chemical phe- 
nomena, will, it is firmly believed^ furnish a full conq^nsation 
for the time spent. ^ 

The order in which the topics are taken up will be found to 
differ somewhat from that commonly adoi)ted. The object in view 
was, however, not to find a new methoii, but to find oiic which 
would bring out as clearl} as possible tlie Iw^auty and himplicity 
of the relations which exist between the different classes of car- 
bon compounds. The reasons for the method used are given in 
,^6 body of the book. 

The experience of the past few years in the use of this book as 
a laboratory-guide for ^tudentH has revealed a number of imper- 
fections in the descriptions of experiments. The author has now 
gone carefully over the whole Iwk, and has made such corrections 
^ and additions as seemed desirable. By following the new directions 
ecmscientiously the student will, it is believed, find no serious diffi- 
eulty in getting satisfactory results. The b‘Xt proper, as well aa 
the directions foi work, has been thoroughly revised. 


Aoaix this book has been subjected to a thorough revision. The 
chapter on the Carbohydrates has i)een almost entirely rewritten, 
and the most recent results obtaineil Itt the Investigation of theso 
compounds have been presented. 
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CHAPTER L 
INTRODUCTION. 

In HtAidyin^ the e<>in|x^unds of carbon, one cannot fail to 
be «lru(‘k ])y ih(*ir lar^i* number, ami b\ the ease with which 
thet under|4<) change when .-.ubjeeb‘d to \arious influences. 
Mainly on a(X‘oant of the larue mnnbei. though partly on 
a(‘(*(niut of [)(M-uliarities in their eheinical (ondm‘t, it is cu‘^tom- 
ary to c*onsider these cojn|>oun<K lo tljenisehes. At first, 
Gmernl (%fnnhtnj was divided into hmnjnnic and Onjunh 
Ohemisfrif, as it wa.s beli<*ved that there were fundamental 
ditferenees between the compounds iTU'luded under the two 
heinis. 'rh(»’^i’ eomponnds >^111011 form lht‘ mineral portion of 
the earth wvio treat ('d umler the first head, while those which 
were found rea<iy foimed in tin* organs of plants or animai^ 
were the subject of organic <*hemistry. It believed that, 
as the organic compoumls are clal>orated under the influence of 
the life pr(K*ess, tln*re must be something about them which 
distinguishes thmu from th<* inorganie com}H>undv< whose for- 
mation the life process lias no part, (^raduall^. however, this 
idea has been abaiKUmetl ; for, one ])y one, the compounds 
which are found in plants and animals have Wen made in the 
chemical laboratory, Skid vvitliout the aid of the life pnx'ess. 
The first instance of the preparation of an organic eoaijiound 
by an artificial tueth<»(l was that of urea. This substance, 
was obtained by Wdhlor in 182 vS from ammonium cyanate. 
When a water solution of the latter is allowed to ev|iporate, urea 
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in depoisitjotl. Up to the time of WdlilurV discovery, the* 
formatio!) of urea, like tiuit of other organic compounds, vvn» 
thought to iutimat^‘ly and necessarily can?iier*ted with life ; 
but it was thus vshown that it could he iVmued >\ithout the inter- 
vention of. life. Afterward, it was sliowa that fxitassium 
cyanide can he ina^ic b\ [>assing nitrogen over a heated mixture 
of c^trhon and pi>tassiinn cailKHiatt*: ai.d, as potassium (‘vaniite 
can be madi^ fiom tin* exanide by oxidation, it folloxvs tlial 
urea can be inadt fiom Ihc t^ltancnts. Finalh , in bSefi, lh‘rt^(*- 
lot su<‘ceeded in inakuiix pota'^sium fnniiate b\ passing caibon 
monoxide o/cr heated p<»tasMuni Indro.xide; and in making 
acetylene, a coniponud, llu^ <‘‘>nipo-iti(*n of ^vhieh is icprcseutAs] 
by tin* formula ( il . b\ [^a'^Ning eltnai ie -vpai ks Indween t‘]ee- 
trcKles of eurifon in an atnospln h‘ nf hxdrog(*n. Since (hat 
time, every xeai iiU'' w ifne'-''4Ml the artili<‘ial pn^paratiem, b\ 
purely clnaniiaal m4‘an^. of <*c>in|'ouiKN of earlx.n ^^hil h are found 
in the organs of plant'' and aniniaK. 

It heu(*e appeal" tliat the formation of the compounds of 
carbon is not dependent upon t!n‘ life proei ss ; that tln‘\ arc 
simply <‘hciiit(.'al (*om[>onm|s go\(*r{n'd h\ th<* saiin* laivs tluu 
gr>vem other eheniit .il e^anpoumK : and tin' naint'. O/v/acc' 
siti nifx ing, as it does, that tin* eoniponmis inchnlrd 
yuder it are neeessariix rt lated to oo^anisms. is misUauling. 

chemi"try i" notlnng but tin* f 7// e/ /.*>//* v of ih* 
pounds ff Corhofi. It is not a. seitan^* imh*]>emh‘nl of inorganic* 
chemistry, but is ju^t as nim-h a [>art of ehembtn as (In* ehem' 
Istry of the coinpoiindvS <<r "»Hliuiij, or of t!ie eomjionnds of 
silicon. vU* 

The name r^f of the Compounds of ( '(trhon lui« been 

objected to as being t(M) )>road. Strierly speaking, this title 
^ucludcii the carbfjnates, and it is customary Uy treat of these 
\fidely^distributi*fl ^ubstanees under tm* head of Inorganic 
riiemistry. Most book.s on Inorganic dicmistry also defd with 
Home of the simpler eornjMmnds of earhon, such jis the oxides, 
cyanogen, marsh gas, etc. 
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'This objection is of weight only as far as the carbonates 
are concerned, and it does not ajipear strong enough to make 
the inircKluction of a new immo neocissary, It should be men- 
tioned, however* that the name Chemistrij of the Hydromrhonn 
and their Derivative!^ has recently been suggested. The exact 
signilicMMce of this nainc will aj>pear ^\ hert the com}X)unds with 
wlficii^We shall have to deal come u|) foi' consideration. 

Sources of compounds. — Tlu? comiionnds of carbon are, 
for iiu‘ most )airt, made in the lal)oratoiy : )*nt in pr(‘paring 
them we usually start with a few tundamental coin[K>und8 
which arc formed by oatural |iro(‘esscs. A large* number, sucli 
as tijc sugars, star<-h, cellulose, and the alkaloids, of which 
luorpliincs (juiniiie, and nii*otiiie arc e\am})les, occur ready 
formed in plants, but ahvjyvs mixed witli oth(‘r substances. 
Others, such as un\‘i, uric acid, altnimin, cb .. cK*cur in animal 
organisms. Petroleum, whicli has been formed in nature by’ 
processes, the exact nature of which has not yet been satis- 
fiictorily exi^lained, contains a large number compounds con- 
sisting of onh carluMi and hydrogen ; and these com[K>unds 
serve as the slarting-poitils in the p!e|)artttioii of a large number 
of derivatives. When coal is healed for the pur|>ose of manu- 
facturing illuminating gas. a V4*ry complex mixture of liquid 
and solid products is oi)tained as a l>y-product. knowii as coal 
tar. This su])stan('e yields some of tin* most valued compounds 
of carbon. A larger number of the (‘onqKnmds of carbon are 
obtained from this titan from any other one source. When 
Ixtnes are Incited in the manufacture of bone-blacks an oil 
known m houe oil is obtaiiu‘d. Of late, this Inis proved to 
be the source of a largo number of interesting compounds. 
In the preparation of eharca>al In heating wood, the liquid pro- 
ducts are sometimes conaensed, and they form the source of 
EOveral inqjortanl eonqK>unds, among which may l>6 mentioned 
mod spiriU or methyl alcohol ^ acetone, and pyroliffneons or 
metic acid. 



IJJXttOIHTCTION. 


4 * 

. ' . « 

FtnaUy, WO art' de|>endent u|K>n the |>roeesB known as fir* 
mentation for a number of the most iin|x>rtant eomponnds of 
earbon, Fernientath>iu as will bo shown. Is a general term^ 
signifying any j>roce8s in whieh a ehange in the eomposition of 
a Ixxly k etTected l»y means of minute tinimal or vt^getalile 
organisms. The l>est known exam|)le of fennentiition is that 
of sugar, W'liich gives rise to the formation of ordinary ah’ohoL 
Alcohol in turn serves as the starting-point for the preparation 
of H large number of compounds. 

Purification of the compounds. Before tht^ natural 
com|Kmnds of carbon ean be studi(sl rliemieallv. they must, of 
course, be freeil Irom foreign snb>lanees ; and lad'ore the eon- 
stitnentaof the eomj>lex mixtures, petndemn, coal tar, and iKnie 
oil can l>e studied. tln‘V must bt‘ separattsl and purified. The 
processes of separation and purifieatien arte in many (‘uses, 
extremely diincult. If tint .sultsianta* is a solid, dilferent 
methcKls may be used aceoniing to tlie natnrt^ of the Hul>stanee. 
CnfiitaUizatwn is more fre<|ia“ntly madt‘ ust‘ of than any other 
process. This is well illu.str;it(‘d, on the large scatv, in the 
refining oi sugar, whicli c«)nsisfs, essvntially, in dissolving the 
sugar in water, filtering through bonc-blaek. whii'h alesorlis 
coloring matter, and then evaporating down to ervstalli/ation. 
When two or more substaiu'cs aie found together, they ma}', in 
many cases, he 8e[)arated by what is oail< d^/)TC //»>//;7/ cni^killiza* 
lion. This eousists in eva[)oniting tlu* sulution until, on tax')! 
ing, a comparatively .small part of tlie snbstanr-c is deposited. 
This dejx>sit is filtered otf, .and the BoIutI<»n fnrilier evaporated ; 
TRrhen a second de{K>.sit is obtaine'l. and so on the end. Tlie 
succaiSBive det)osits thus obtained nvo tlu n reorvBtalli/.ed, ea(’h 
separately, until, finally, the deposit^ are found to be homo- 
gengotts. 

The chief solvents used are water, alcohol, ether, benzine, 
and bisulphide of carbon ; alcohol being the most generally 
applicable. 



FimiFicAxteJir of the ooMEotrKDS* S 

in th^ case of^ liquids, the pmeess of dMiUntion is used. 
I'lie appamtus <x>i|tmonh' used is illustrated iu Fig. 1* 

.j 
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'fhe only part of the apparatus wlii<h requires explana^ 


tiou is the tube ^1. This is 
It is siin|>ly a stniitriit glass 
tube, alioiit long and 12 to 
j^rum (liniiieter. h> which is 
attached a snialler l)raneh some- 
what inclincil downward. The 
object of tlie tulje is to acconi- 
modatx) a thennoimder which 
is so fixed l>y means of a cork, 
that it is in the centre of the 
tul)e, and its bulb ilireetly 
opposite the opening of the 
smaller branch. 

For small quantities of liquids, 
the dbtilling fijisk is much used. 


k!K)wu as UiC diMUng tube. 



This is a iong*necke<l, round 


fiask, witJi a bmneli tube fitted directly into die neck, m t^bowS 
in Fig, 2. lu tliis apparatus, the thcrrnoineter is fitted into 
tb§ neck of the fiask In the same relation to the exit tube as in 
the larger apparatus. 

For the separation of liquids of dbferent boil ing-|K)iiit8, the 
process of yme/iona/ oi\ 2 }artkil distilkUiou is much used, Wiieu 
a iBixture of two or more liquids of different boiling-|K>ints is 
boiled, it will l)e noticed that the lioilingqioint gradually rises 
from that of the lowest Ixiiling .substance to that of Ujc higlmst, 
Thvts, onlinary alcohol l>oils at 78", u)»d water at lOtf. If the 
two l>e mixed, and the mixture distilled, it will l)e found that it 
begins to l>oil at )»ut that very little passtes over at this 
temperature. Grarlually, as the ilistiliation [)roceeds, the tern* 
perature iudiented by tlic thennomctir be<*ou)es liigher and 
higher, until at Ijist 100' is rea(*lKal, wlieii all distils over, Now^ 
the distillates olitained at the difi'erent teiu|K'i’;itun»s ditTiM* from 
each other in composition. 'Fhosc obtained at the lower ieni* 
peratures are richer in ahadiol than those obtained at the higher 
temperatures, fait none t>f tliem contains [mre al<*ohol or pure 
water. In order to s<q>arate the two, therefore, we must pro* 
ceed as follows : A numlK'r of clean, <lry flasks an? [>repared for 
eoHectiug tlie distillates. 'Fhe iHuling is begun, and tlu' |Kaitt 
at which the first drojis of the distillate ap[iear in tin* receivt*r is 
noted. That wdii<‘h passt s over while the na'rtairy rises througit 
a certain juimber of degree's ('b b, or 10, according^to the char* 
aoterof the mixture) is (olhx-ted in the first tlaBk. Tlie receiver 
is then changed, without interruption of the boiling, and that 
which {losses over whih' tlu' rnercurv rises tlirmigh another 
interval equal to the first is collected in the secoial llfisk. The 
receiver is again changed^ and u tliird tlistillate collcctol; ami 
HO on, until the liquid has all been distilled ovei*. It has thus 
b'^en separated into a numlicr of fnit^ions, eadi of which has 
over at ditTerent tmnpcniturcs. In the case of alcohol 
and water, for exampk, wv might have eollecteil distillates from 
78^ to Sr, from sr to 8H% from bS^ to 113% from 33^ to 98% 
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08*^ to 10(4. Now a clean clistHlmg flask i» taken, and 
into tiiis the firBt|fractiou is poured. is distilled unti^the 

liiermorueter inai-ks the upper limit of the original first fraction, 
the new distiilaU? being (joUected in the flask wliieh contained the 
limt fraction. When this upper limit is reached, the boiling is 
stpi^ped. It will Ix" found that there is some of the iiquid left 
in tiSe distilling flask. That is U} say, assuming that in the first 
distillation the first fraction was colleeti^d h<<tween and 83^, 
ot^lxjiliug this fraetion the second time it will Jiot all come over 
between these points; svlien 83' is readied some will be left in 
the flask, Tlie second fraction is now jioured into the distilling 
flask throngli a funnel tube, and the boiling is again started. 
Of the second fraction, a portion will pass over below the txxint 
at >vluch it began to l>oil when first distilled. Collect in the 
proper flask, and C'ontiriue the boiling until the therinoineter 
marks the highest {lointof the fraction last in tnxhieed, changing 
the receiver whenever the indications of the thermometer require 
it. Now sto{) the boiling, and ixmr in fratdloa No. 3, and so 
on until all the fractions Iiave been subjected to a second distil* 
lation. On examining the new fractions, it will be found that 
the liquid tends to accumulate in the neighb(»rhood of certaitk 
points (*oiTesponding to the boiling-points of the constitueuts of 
the mixture. The distilling flask is now cleaned, and the whole# 
process repeated. A further st panition is tlms effected. By 
cx>ntinuing Uie distillation in this way, pure substances can, in 
most enses. (nentuallv be obtained. That the fractions ai'e 
pure can be known by the fact tliat the boiling-points I'cmain 
constant. In some cases perfect separation cannot 8e effeebnl 
by means of fractional distillation; as, for example, in the 
ease of alcohol and water. But still it is valuable, even in 
sueli cases, as it enables us to purify the substanees, at least 
paidially. ^ 

The best examples of distillation carried on on the laige scale 
ai*e those of alcohol and petroleum. Pn>bably the best example 
of fractional distillation is timt of the light oil obiauied from 
coal tar. ^ 
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l^periiaent 1. Mix etiuai parts (about half a lf;re of each) of alco-* 
ii0l and water. Distil thnnigh four or five tiiues, aud notice the 
eliHiige^ in the quant itie.^ obUuued in the different fractious. 

Determination of the boilingr-point. — In dcialing with 
liquids, it often is extremely ditlleult to tell wlietlier tliev ar^r 
pure or not. 'rhe Ihst and most important pliysical property 
which is utili^ad for this }»mpose is the boiling temp<»ratun% 
eoinmouly called the boiliurz-pohit, 'rhls is determined 1>y 
means of an apparatus. >smdi as is dc.scril>ed above as used^for 
distilling. The tenqverature noted on the tlit‘rmoinetm' when 
the liquid is boiling is the lioilingqxnnt. Wluvn great accuracy 
is res:|uired. tiie [>oint obs(Tvr‘d direetly must la* corrected, in 
crmsequeuoe of the expatision of the glass and the (aK>liag of 
that part of the column of mcacury which is not in tlie va|>or. 
Full directions for nuiking tht se c<fnecth>ns can l>e found in 
larger books. A I’onstanl lH>iling-poiut is charactcrislic of a 
pure chemical compound. 

Determination of the melting-point. — Just as the boib 
Ing-point is a very ^'IninieOa'istic pr<»|.H>rty of licpud bodies, go 
the melting-point is an (*i|ua!ly characteristic }u*operty of many 
solid bodies. If a substance begins to melt at a certain tern- 
^peniture, ami does nut melt completely at that temj>erature, it 
is, in all prol>ability, iminin*. lly means of the meUing-[)oint 
minute quant itics of inqHirithvs, wltieh might readily f^scajK* 
detection lo' other imams, are often found. In d(\aling with the 
compounds of (airbtui, detcriuin;;ii(>i}s of meIling-|>oints are very 
fnsiviently imule. In general, only tliosi* comp(>umls which hiue 
(constant melting-|)oints are t<,» l»e regarded] as pure. The deter- 
mination is made us follows : Siiuill 1ii1h*s arc prepared In 
beating a })iec(f of ordinary soft glayi tubing of to 
diani^ter, and <iniw'ing it out. If the ])ai'ls are drawn apart 
al>oiit iO two small tubes may be nmde from the 

narrowed portion by melting together in the middle, and then 
filing off <|ach piece where it begins to grow wider neiir the 
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%rg(j t«be* ThAe Biwall tubes must have tiuu walls, and be 
of siK'h iub'rual |liauioter that an ordiriary pin can l>e h|/:ro- 
tluced into tlunrn A small qinintity ift th<i substfiuce to be 
testtHl is placed in one of the iuln^s, enough to make a minute 
coin Min of iiliout 0“*"’ in iieight. Tlu? tube corttaifiing the 
snli^tance is fastened to a thennonieter by means of a small 
rubber band cut from a piece of rubber tubing. The baud is 
placed near Uie iqiper part of the tube, and the lower part of 
tube, containing the substance, is placed against the lailb 
of the thermometer. Now a beakt r glass of alfout lOCf^ 
capa<*ify is fiih'd with |)urc paralfiu. an*l the latter melted. 
Wlien it is in liquid <‘ondition. the tlicruiometer, witii the tube 
and substan<*o. is introduce*! 
into it, and the iicating c<m- 
tiunod wilh tin* ai<l of a 
sniall flame until tlu^ sub- 
stance melts. The instant it 
melts the temperature iudi- 
eated liv the thennonader 
IB noted. This is tlie m^U- 
infj-pomt required. It is 
ne<x\ssary, however, to cor- 
rect the observed jH)iut in 
the same wa v as in tlie ease 
of the boiling-point. Some- 
times, insteinl of paratlin, 
coinam trated sul [> I m ric acid 
is used in tlie l>ath ; and 
instead of a lieaker, a small 
riiuinl-bottomed tlask . For 
sides tanees whieli melt l>i^low 

the temperature at whicdi ordinary parafllu is liquuK^water 
or sulphuric acid sliouM ha used. 

Kx|)erhneut 2. Deterndne the iTieUiag>i>i*uUs of a feu- suh^tinn e^, 
Snell as urea nn<} tartaric fc'ltl. If they do not nu lr at iimhdte pinnrsv 
l*eerystalU/.c them until tiny ilo. Note the mcli ing-poiuts oh.staaett, 
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mid see how well they agree with t:hose ^taUnl |i the hook. The 
armr^getiient of the appaiatiis above des*cHbed \h sH n> a ia Fig. Jh To 
secure a oiiiform teinperlture of the bath « it ?ihouM l>e geutly stirred 
with a gb.ss rod during the experiment. The mercury of the ther- 
luometer .shop Id rise slowly. 

Analysis. — Having purified the compounds, the next step 
is tA> deteviiiino their conijK>silion. .V ctanpnratively sinjdl iuim- 
l>er of the compounds ordinarily met with consist of carlion and 
hydrogen only ; tlie largest number consist of these two cleineitts 
together with oxygeii ; many contain ca.rht>n, hydrogen, oxygen, 
a^nd nitrogen. But, in the derivatives of the fundamental com- 
pounds, all other ckanents ma\' occur, 'riius the hydrogen may 
be partly or wholly replaced b}’ chlorine, bromine, or i* Kline, a.s 
in the so-called 8iib.slitut ion-|»r(Kluct.s ; and any rnctal may iXMair 
in the salts of the a<‘i<i.s of carlM>n. l’lu‘ <\siimatic»n of carbon 
and hydrogen is thr! [uincipal pioldem in th(‘ analy.sis of the 
t^nipounds of carbon. This is ( Ifected by what is known as 
the mmhustiort process. A known weight of the snl»stnnce is 
eomplebrly oxidized, the <*arl»on lM*ing tlais cor. verted into car- 
bon diOxidtN and the Ijydrogen into water, 'rhese two products 
are collected, the carl»on dioxide in a solution ol' jyotassium 
hydroxide, the water in ealcium chloride, and wciglied. From 
^hc weights of the products the wadghts of carl>on and Ijydrogen 
iu-c calculated. Oxygen, if present, is Jiot cstiinau tl directly, 
put by difierenee, i.e., tliC weights of carbon ami hydrogen found 
are added Ujgether. and the sum subtracted from the weight of 
the origini^l substance. The difh*rence repiaisents the weight 
of the oxygen. 

A detailed description of the apparatus and of the method of 
procedure need not be given here, a.s it c.an be found in any 
bdok on analytica! chemistry. A bne/<ieseription, however, 
may tfbtbe out of j>iace. The combustion is ciffected in a hard 
glass tnlKs which is heated l)y means of a gaa furnace con- 
structed for the purpose. Ordinarily, the substance is plmxid 
ill a narrow tK)reeIain or platinum vessel, called a Ijoat, which is 
introduced into the i«!be wltli grauulabid copper oxidfn Tliu 
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tube is then coniected with (1) a u-tube filled with calcium 
chloride ; (2) a let of bulbs coiibiining a solution of potassium 
hydroxide, and c’onBtruotfid so m to scenic ihorougii contact of 
the passing gases with the solution; and (3) a small u-tube 
filled willi se>lid potassium hydroxide. After the c<?inl)UBtioa is 
COmyhded, a current of pore dry oxygen is passed through the 
tube ; and, Ibmlly, air is passcfl until the oxygen is displaced. 
The niidhod at })resent used was introduced by Liebig. It 
h:^ contributed \'ery greatly to a thorough understanding of 
the eoin[)ound8 of ciirbon. 

Twa) metlKKiB are in common usi' lV)r the estimation of nitrogen 
in carl>on <a>mpoiinds. I'lie first is known as tlm absolute method. 
This consists in oxidizing tlie substance l>y means of copper 
oxide ; then dec(>jn[)osing, ]>y means of higbly-iicated metallic 
copper, any oxides of nitrogen wl)i(*]i may have been formed, 
and collecting the nitrogen. Tlie volume of the nitrogen thus 
obtained Ls measured, and its weiglit easily ealculated. The 
chief ilidlcnlty in this method eousists in rvanoviag the gases 
contiiined iti the a])pHrutus before the com])ustiou is made. To 
do this, the siint>lest way is to use a mercury air-pump. Several 
simple forms of the j)nm[> have been devised for this p«r[>ose, 
and some of them work admiralty. Having exhausted all the 
air, the combustion is made by heating the tube eontuining th^ 
stibstance and (‘opper oxide and a la\*or of cop|xu* foil ; and, 
finally, the gases are exhausted at tlie end of the operation. 
The only thre(‘ gases which can be present, assuming that the 
substiince eoiitained nothing lait carbon, hydrogen, oxygen, and 
nitrogen, are earlK)n dioxide. wahT vapor,, and free nitrogen. 
The water vapor is, of conrvse, condensed, and the carbon dioxide 
is absorbed by passing the gase>s through a solution of pot43U5slum 
hydroxide, leaving the^ntrogen thus alone. 

The second method for the estimation of nitrogen consists in 
heating the substance with a mixtnx'e of svxlium hydroxide and 
r|in(;kluiie, called mda-Ume, Tlie nitrogen is thus converted 
into ammonia, which Is collected in a known quautjj^y of dilute 
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bychwhloric or sulphuric tuud. After the opeifvtioiu the amount 
of reiuaiuiug nunejitnilixed is dotenuiur'd |)y litratton ; aud 
from this the amount* of ammonia fonnod enii l>e (*aleulated ; 
and from this, in turn, the amount of nitrogen. This method 
is not appli««able to all eomjKnmds, because the nitrogen of some 
compound<i is not converted into anmuvnia under the cinaim- 
stances mentione<l. 

As regards the ostinuition of other <-i>nsiituc!ns of carbon 
compounds, it need only Ih' said that in most <-asc.s it is 
sary to get rid of the carbon and hydrogtut l>y some oxidizing 
process before the estirnation can be made. Thus, in estimating 
sulphur, it is eomiuon to fuse the sul>sbincc witli )H)ta,ssinrn 
nitrate and iiydrf>xide, when tlu' carlion anil hydrogen are 
oxidized, and the siiljihur is left in the form of iKdassiinn sul- 
phate, and can be estimaiisl in the usual way. 

Formula. — The deduction of tln^ formula of a c<>m|x>und 
from the results of the analysis invoha s tAvo ste[Ks. 'fhe first 
is a matter of simple (‘aleulrUhm. It is assumed that iiic 
students wdio use this l>ook arc already familiar with tlu‘ metluKi 
of ealcuiating the formula from tfu* analytical n-sults ; but an 
example will, nevertheless, be givvm. Sii|)|)os(* that the analysis 

has shown that the substaiKM‘ ([‘ontaifis oiMM yu^r cent carlHuo 

# ■ 

1S.(>4 per cent h}drogcn. ami Ml. 7s |.er cent oxygen. To get 
the atomic proportions, riivhie the ligunns r<^preHcnting the per- 
centages of the (‘iemeiits by the eorres|>om]ing nUnuic weights. 
We have thus : — 



lar 

At. Wc 

U<?iatjve 

X'j. of .Vtoias. 

c 

52.iS 

s- 12 

^ 4.3o 2 

11 

13.01 

-- 1 

r:. 13.04 0 

0 

34.78 

10 

2! ] 7 -- 1 


That is to sa\, accepting the atomi<! weights, 12 for carbon and 
16 for oxygen, the Him[>lest figiires repn^seiiting tiie number of 
atoms of th| three elements in the compound are 2 for earboib 
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? for hydrogen, j|od 1 for oxygen. According to tliis, the 
Bimplost formula whieb can be aBKigiunl jb(> a Hubstanee giv%ig 
the above reBultB on aaalvBis is (AH/), But the formula 
C?4lf,20, is equaHy in accordance with tiie analytic;.! results, and 
we can only <iecide between tlie two by d<;tei inining th^ inolecnlm 
weUjfiJl, This, as is known, is doim by detcnnining tiie speeilic 
gravity of the subslanee in the rorm of vaixir. 'I'iiis operation 
is of the greatest irtq>ortu}K*e. It is ‘ussuined tliut tlie studerU, 
who has already studied tin* elements of inorganic ehemistrw is 
ffimiliar with it, and with the i^xact connection which exists 
between it and tlic moha nlar weights of ce»nq*ouinls. A few 
statements in regard to tin* eonmsuion will, however. l»e made 
here, in order to re<-all its rhief iiuirOs. jjiid to impress \i[K>n the 
mind of the student its fundamental im|)ortancc. 

K\erv cheini< ;ii formula is iiiUmdcd to r< t>rcs(a]t the mulecnlc 
of a compound and tlie cennposition of tin; molecule. Our 
concoptiem of tlie molecule is bastal almost excbisively on 
Avogadnfs hyjMdhesis. araau’ding to wirich (‘(jual vohimt'S of all 
gases contain the same nnint>cr of nedeculcs. Hence, by eorn- 
|>aring (apial volumes of liodies in the form of gas or vapor, w'C 
get figures wlij<*h Ircar to eacfi other the same relations as tlie 
weiglits of (he molecules. '!1ie figures eaih.*d f/e gmeb 

f/CtV express the relation^ iietweeu the weights of tapuil volumes. 
In the case of gases, air taken as the standard, and the 
weights of other gases arc? eoin|)ari d with iln-^ .standard. Thus, if 
we say that the specific gravity of a gas is O.fMS, w'c mean that 
if W'e call the weight of any volume of air 1, that of the same 
vohune of the ollurr gjis measunMl under the same coiKTitions of 
lempeniture and pressun; is O.IHH, If we assign to any com- 
IK>tind a certain molecnbir weight, the molecular weights of other 
gaseoas com|K)unds <aiiv •be tleternnm d without difllenlty. We 
must, tlierefore, first select some subst’anee, the moleculg of 
which may be used as the standard. llydr^K*h}orio acid is 
coranionly taken, iKaaiuBc liydrogeu aud chlorine unite with 
each other in only one pf O|)ortion, and there is goo(^ evkicncc 
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hi favor of the view tbat it roprcBeutB tlA snnpkBt kind of 
e<lsrnbination, vk., ttmt of one atom of one llement with one of 
another. Hyd rogen*aiKi ehiorine are present in the compound 
in the pro|x>rtioii of 1 part of hydrogen to 35.4 jiarts of ehlorine ; 
hence the*simpiost luoleciilar weight \vhi(*h can l)e assigned to 
the coinpoand, the atouru- w'-eight of hydr<igen ]»eing 1, is 36.4. 
The laoleeiilar weight of this standard irioieeulc is, therefore, 
tiiken to be 36,4. and we have now simply to compare the 
weights of other gases witli tluit of hydroehlorie acid in <^dei 
to kiuw their molecular weights. Thus, to illustrate by ineHim 
of the body wdiose atomic rehilions we found f»y analysis to be 
represented by the formulas C.tbf)? etc., if this body 

be converted into va|>(>r and its specitu^ gravity determined, it 
might be found b> be I.r>. Ibo relaliou l>etween the molecular 
weight of any body ami its spc®ciHc gra\ ity is expressed by the 
ecpiatioii 

4/ = d X 

in w’liich M is tin* moUs-nlar vveighl, ami d thi‘ specife gravity 
of the substance in tlio ffuaii of gas or vapor. As d is 1.6 in 
the case under (‘onsideration. have 

3/(the unknown molcaadar weight) — 1.6 X 28.88 40,2. 

If the formula of the eoiri{>ouud is f the moleciihir weight, 

being tlic sum of tlie weights of the eonstiUient atoms, is 

2 X 12 -f 6 X 1 + 10 := 16, 

which agrees with the figure deduced from the specific gravity. 
It therefore followas tliat the formula (.yi/) is correct. 

There are some other met lexis wliich may lx? us<kI in deter* 
juining the inoleciilar weight of a com|K>und. Among these 
may be mentioned the analysis of sSdts. To ilhi.strate this, 
takf the case of acetic acid. Analysis sliows us that it must be 
r<»presenbxi by one of the formulas CILA), etc. 

If we make the silver salt, we find that its analysis leads ua to 
the fomiiia CyigOjAg, and not CHOAg, and we hence conclude 
that the moIe<mlar4brmulu of ac/die acid is tyi 4 (>t* 
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Recently, inethc|[a have been Introduced that are especially 
applicable to sucff couipoiinds as cannot be converted iiAo 
vapor. These methods depend upon *observalious on the 
. IVeesiing-points and boiling-points of solutions. 

^uctural formula. — The formulas CUiA, CJIA, 
etc.i"#ll us siuiply the comiK^Bition of the three eom|ioimds repre- 
seuted, and tell us also the relative weights of tiieir molecules. In 
studying tlie cheniieai con<liiotof these compounds, their deeom- 
i fflS tlious, and the modes of preparing them, we become ftimihar 
with many lads wliich it is desirable to represent by means of 
the formulas. Thus, for exann>le, but one of the four atoms of 
hydrogen represent d in tlie formula of acetic acid, can 

be re|>laced by metals. It plainly differ.s from the tljree remain- 
ing atoms, and it is natural to conclude that it is lield in the 
molecule in some way ditYereiitly from the otht;*r three. We may, 
therefore, write the fonnula .H, whicli is intended to call 

attention to the difYermK’c. Jly fiirtiier study of acetic acid, we 
find that that jiarticular hydrogeu* whicli gives to it its acid 
pro|>ertieH, and vvhieh, in the aliove fonnula. is written by itself, 
is iutiinateiy associated witli oxygen. It can lie removed with 
o.tygcn by very simple reactions, and the place of both taken 
by one atom of some other elmnent ; as, for example, chlorine, 
Thus, when acetic acid is treated with phosjihorus trichloride, 
FClj, it is converted into ivcetyl chloride, (yi/Td, according to 
this equation : ~ 

3 Cdl^O. + PCI, 8 (yi,OCl + FOsH,. 

The result of the action is the direct replacement of one atom 
of hydrogen and one atom of oxygen in acetic acid by one atom 
of chlorine, a fact which certainly points to an intijuatc eomiec- 
tion biitween the bydrogin and oxygon in th| acid. Further, 
when acetyl chloride is brought in contact with water, acetic 
acid is regenerated, hydrogen and oxygen from the water enter- 
ing into the place <>ccupied by the chlorine, as represented in 
this equation : — 

C,H/)C1 + H,0 QiH A HGb 



Frt>m faef^ of tbij^ kiial oonelni^ioii is dmwn tliat ui aoetu; 

hydrogen cind o?^vgen are ; or^as It is said^ linked 

together; imd tins ('#>nelnsion is ropreHoriU‘d in chemitrnl lan- 
guage l>v the tbnnnia wfilrh mav serve as a simjdn 

ilhistratioif of wViat nn^ lailUMl ^'^trxeiural or eonstihitional for- 
mulas. In all eouipounds the attempt is made, hj means of a 
thorotigh study <>f their ehenheal eonduet, to traee out tho 
couneetions existing hetwemi the e<.)nstituent atoms. Wljeu 
this eau he done frvr all ihe ateans eontained in a moleenle. the 
sfniehm' or rnnstifxffoi} of the MH»ie<*uh' e>r of tli** ♦‘omjajuiMt i> 
said to he determlfnal. I’he struetural fortnulas whit’h have 
heen det**rmivn‘d hy lu'oper inetleMls leivi' proved of much value 
in dealing Avith eluauieal rea(*tion>. a>, tlii’v (‘uahle the ehemist 
who 'u.nfJeri<t<fnds the language in whi<'h they are writlei; fo see 
relations wliieh miglit easily ('scape his tUtcntion williout tlieir 
aid. In onler to unde rsht ttd {bma, hn\vi*v*‘r, the student must 
have a ktiowdedge ol the^ r*‘actions upon widrli they are based; 
and ho is warned not to a(‘ee|)t any elHunleal fonnnla unless he 
can jsee the naisons f(»r iteocjning it. ]1(‘ slionld aeeustom him- 
self U) ask the imestion. uinyti udiijf fw't,s is it hiiM'd f whenever 
a formula is pri'S4/ntt^d for tin* time. If he does this eon- 
scientiously he will s«>on be able to use the language inteili- 
gontlv. ;md the l^eaufy <»f the relations wdhieh exist ladween the 
large ntiinher of er»m|>onnds of eai bun will !>e revealed te> him. 
If he does liot. ins mind will soon l>e in a hopeless muddle, 
and what he learns will l>e of little value to him. h'or tin* 
beginner, thin piece of advice is of vital ijnportaneei : Studj) 
irith f/reSt eare the 'reactions o f atm : studjt (he methods o7 
making them ^ and ^/eeomp<M‘///Vms mhich Iheg nwiergo. The 
fornuflas are bnt the condmmd ex^yremimw of the conclmtonH 
ndiich are drawn from the react ions* 

Cteneral principle of classification of the compounds 
of carbon. — ^ In eonstdering the elcnumts and < ompoandg in* 
dttdcd iiT|ler tiie head of Inorganic Chtuiiistry, the fundamental 
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mibstarioes aro, of ^bourae, the elements. The properties of the 
elements enable ii^ to sepaivale them, for atudy, into a numbet 
of groups ; as, for example, the chlorkie group, including 
bromine, iodine, and tluorine ; the oxygen grcnip, in which 
are included 8iilj)litir, stdenium, and tellurium. To* recall the 
methpd generally adopted, we may take the olilorine group. 
In sttidying the rnemberB of this grouj>. there is found great 
similarity in their prop(‘rtie.s. Their hydrogen compounds next 
present themselves, aiul here the same Hiinnarity is met with. 

in turn, the oxygen and the oxygen and hydrogen com- 
ja>unds are considr^red, and again the resemhlaiK'es in properties 
between the corresponding eompounds of chlorine, bromine, and 
iodine are met with. We thus have groups of elements, and 
of the derivatives of these elements : as, — 

Cl cm ( iO^H 

Br Bril BK),!! 

I IH KblC etc. 

Of course, Ihg chlorine gnrnp is qiiib^ distinct from the oxygen 
group and from rdl cthm- grou[)s ; ami each member of the 
chlorine grouj> is. at least so far as we kiK>w, (juiti^ independent 
of the other meml>ers. We cannot make a lu'omine compound 
from a cldorine (OinjKHind, or a chlorine compound from a 
bromine eoinpouud without directly replacing the one element 
by the other. 

Now. when we conic to study tin* comjioiinds of carbon, we 
shall find that llu* same general j>rifu‘ipl(^ of classiticatiou i« 
made use of ; only, in eonscqueuce of the peculiarities of the 
compounds, the system can be carried out much more perfectly ; 
the members of the same group can be transformed one into 
the other, and it is ala# |)os8ible to pass from one group to 
another by means of comparatively sim|)le reactions. ^ 

The simplest compounds of carbon are those which contain 
only hydrogen and earbotivor the hi/drocarbom, A U the other 
compounds may be regarded as derivatives of the hyd|ocarbbns. 



To begin with, there are several groups orlseries of hydrocdl-. 
honsj whieh eon-espoml somewhat to the Ilitforeut groups of 
elbments. The mej^l>ers of one and tlie same series of hjdtd* 
carlnuis resemble one another more closel y than the members of 
one and tjie same series of elements. Although we have indica- 
tions of the existenee of more than ten series of these hydroear- 
!K>ns, 0UI3" three or four of the series are at nil well known, and 
of these, but two iuelntle more tlian two or three members which 
will need to be <x>nsiderod in this book. 

Starth^i^ with any series of })ydrtH*arbon8, several 
derivatives can be obtained )»y treating the fundament.al com- 
lH>unds with dilTcrent reagents. Tlie chief classes of these 
derivatives are : (1) those containing hahjgens ; (2) those con- 
biining oxygen, among wliich are (he acids, alcohols, ethers, etc.; 
(3) tliose containing sulphur; and { 1) those containing nitnv 
gen. C(>rres[)oiKling to (*vcrv hydrocarlxm, then, we may expect 
to find reprosentatives of these <liffercnt classes of derivatives. 
But the relations existing between any hydrocarlKui and its 
derivatives are the same as those existing l>ctwoen any otJier 
hydrocairbon and its derivatives. Hence, if #0 knmv what 
derivatives one hydrocarbon (‘an yield, we know what deriva- 
tives we may expe ct to find in the case of every other hydro- 
^ carbon. The student who, for ti^e first time, undertakeH the 
study of carlKui < Inunistry, Is very apt to feel overwhelmed by 
the enormous number of com[>ounds d(^^cril>ed in the l)Ook or bv 
the lecturer. This large nurnlver is really not a serious matter. 
No one IS expended to become acijuai nb*d witli every (;(>rn|>oaud. 
A great «nany of thes<» need only l*e roferr(aJ to for tlic purpose 
of indicating the extent to whit h the series to which tliey Ixdong 
have l)cen developed, in general, the members of any scries 
80 closely resemble one another, tha^, if we^ understand the 
" simpler inemberB, we have a fair knowledge of the more com- 
pliefted incmlicrs. 

It is proix>sed, in this treatiae, to consider only the more 
important compounds and the more hnportaut reactions* the 
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Object being rathe) j to give a clear, general notion of the subject^ 
than fletiiiled iiifjIrrnatloTi regarding particniar compounds. 
Should tlie Biudont (lesire more Hpecific in^'ormation concerning 
the properties of any of the compounds nientioncxl, he can 
easily find it in some larger ]>ook. It will, howe’^^r, hardly 
be piotUable for lain, at dhe outset, to burden his mind with 
detaiisr. lie may thereby bucritlcc the general view, which it 
is so im|S)rtiint that he should gain as quickly as |x)'«‘sible. 

The [)lan which will he followed ij^ biietly this: Of tlie first 
of liydrocaibous ^ro inenibers will be eouf»idered. llun 
the derivatives of these two will be taken up. These dcriv'a- 
tives wdll serve a<bniriibl\ as repn^seutalives of (he coirespond- 
ing d(‘ri\atives of otlua* hydroearbons of the same series, and of 
otiicr series. Tlu-ir eliaraeteristies, and their r(‘lations to the 
lndro(‘arb(>iis will Ih‘ dwell upon, as well u>^ their relations to 
each other 'rhus, by a eoinparali\ely close study of two hydro- 
carixms and their deiivatives, we may acijuire a knowledge of 
ilic primapal classes of tin* compounds of <*aibon. After these 
Upical detiMiti^es ha\(‘ been cmisideied. tlu* entire scries of 
hydrocarbons "w ill be taken up brief only such facts being 
dealt with at all fully as are not illustrated by the first two 
members. 

After the first scries has been studied in this way, and a clear 
idea of the relations between the ^arions classes has been 
olituined, a second series wdil be taken up and treated in a 
similar way, and so on. Hut, us alread\ stated, only a few of 
the sericH reqiiiio ^el v much attention at the beginning. The 
first scnt\s wdiich will be used for the purpose of illustrating the 
general principles is one of the tivo most important series, and 
of the only two that need be considered at all fully at preseut. 



CHAPTER IL 


METHANE AND ETHANE. ---HOMOLOGOUS 
SERIES. 

If we were to Ktndy all the hydrocarbons known, and^were 
then to arrange them in gn>in>.s acconling to their pn)|K'rtie^e 
we should fln<i that a large iiuml>er of lliein resemlde tnarsh ijas 
in their giuierai comluct. Some of the points of resemblance 
are these : rhey are very stable, resisting with imarked power 
the action of most reagents ; and Motiiing can iH> .aided U> thmn 
directly, — if any clitingv' takes |»laee in them, hydrogen is first 
given up. On arranging fliest* siil»stances according t4> the 
number (d carlxm atoms c<mtained in thein, we httve n remark- 
able series, the first six imunl>ers of which, together with their 
fonnula.s. an* included in the subjt^ineil tahh‘ : — 


Methane (or Marsh ( ias) CH^. 

Ethane 

Pro|nme 

Butane 

Pentane PJIrc 

Hexane . 


On examining the formulas given, we sec timt the difference in 
com|)osition iHJtween any twocemscaaitive members is re[>resented 
by CIl^. Thus, adding t'lE to nuimh gas, Cilt^ wc get ethane. 
CyL ; adding CH^ to ('slla, we get <y ET and so on, in ctielr 
sti§('essive step. Any series of thus kind, in which tlae sueces- 
8ive members increase in comj)lexity by CfE, is called an /mm/>b 
o^om series. 

Just a| the members of an homologous series of bydroearbons 
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'cliflfer from one inother by €11.,, or some multi j)le of it, so 
also the i«etnhor4 of any class of deriviitives of these liyciiro- 
(tarbotiB dilTer from each other in the %iime way, and form 
homologous series. Thus, running {)a rail el to the hydroc^arbons 
mentione<l above, there are two homologous series^of oxygen 
derivatives, as indicated lu‘low : — 


CD, 

- ( H/) 

- cn/)^. 

Cll« 

- C,D/) 

-- ( . 

C.D, 


- C.H/>,. 

C4H,,, 

- C J hp 

" CiHsOj. 

C.H,-. 

- C'.D,./) 

- cyi, 


- C ,D„0 

- CoH,,(>,, 


The relation observed between tlu^ im*mbers of the homologous 
series montioiied is by no means a }>eciiliantv of tlie marsh gas 
series of liydroearbous and of tlnur tier! vat h es. but is observed 
in connection witli all other series of hydroearbons and their 
derivatives. 

Strictly spt*aking. there is peiimps no analogy for this re- 
markable fact among the elements and their eomj)ounds, yet 
facts whi<*li suggest analogy are kiujwn. Consider, for example, 
the chlorine series. We liave 

Chlorine, with the atouae weight, ;>5.4 
Bromine, 80, 

Iodine, 127, 

As is wadi known, the differenoe between the atomic weights of 
chlorine and bromine is approximately equal to the difference 
betTween those of bromine and iodine. In other words, there is 
a regular iiicreaBc in complexity as we pass from chlorine to 
iodine. Or, at least, there is a regular increase in the a^mic 
weights of these similar elements, just jis there is a regular 
increase in the molecular weights of the similar membei'S of an 
homologous series. While, however, u satisfactory ^y|>otbesis 



hm offered to aiHK>uut for tluv latk^l and expert* 
ni^utal evidence ia at^ougly in favor of tb<^ li/potlieaia, no Hatia- 
factory explanation df the Cornier haa heini offered ; or rather 
no sutisfaetorv experhnenfeil evidence Itaa been fiirriiished in 
favor of rtie various hyiiotheses wlu(*!» from time to lime have 
lieea put forward to aeconnt for the similarity between members 
of the same group of elements. 

The view at t»resent iield in regard to ttie nature of homology 
is founded, primarily, n[>on the idea tliat earlKm Is qinidrivalent. 
If carbon is qnadrix alent, it of course follows that the 
{>ound^ marsh gas, CM 4, is satnratiMl ; tliat is, the molecule 
cannot take up anything without losing hydrogen. In order, 
therefore, that we may get a emnponnd (/ontaining two atoms 
of curlmn in tiie mvdeeule. s«)me of tiie hvdrt»gen immt iirst be 
giveiMip. With our presmit views, we cannot conceive of ui|ion 
taking place dinaaly bctwanai the moiecules CII4 and CIC, but 
we can coneeivi? of union taking place between the molecules 
CH3 and to form a molecule wliicli in turn is satu- 

rated. Re])resenling graphically wliat is lielievcd to take 
place, we have, first, laarsii gas. whkdi we may represent thus, 

n 

I 

H — C — H. If this loses one atom of hydrogen, we have the 
I If 

K I 

nnsatnrated molecule It C - , which is cajiuldc rrf uniting with 

H 

ahotlier mohaaile of the same kbnl to form the nicme complex 

* H H 

i I 

molecule H— C-C-ll, or which is iKdieved to express 
il il 

the relation existing between marsh gjite, CM^, and ethane, 
or fcetween any two adjoining members of an homologous series. 
The evidence in favor of this view will be presented when the 
reactions am c^nakk by means of which the hydrocar- 
bons arct made. The explanation offered, ami %pw generally 
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^cceptedr mvolveii*, the idea tha carbon atoma have the power 
of uniting with c^c'h other. And, as the explanation for |he 
relation between the first and second nwwiibers is, in principle, 
the same as for the relation between tlie Bccond and third, tlie 
third and fourth, etc., it appears Urat tins pow er of ciM*lx)n atoms 
to unite with one anotlier is very cxti*uHive. It is to the power 
whkdi carbon |H>s.sc8.ses of forming hmnoiogous series, or to the 
power of the ah>nm of ear}>on to unite witli each other, that we 
owe the large ntnnber of couipoundB of this element. 

Methane (marsh gas, fire dampo CH<. — This hydro- 
carbon is found rising from pools of stagtiant water in marshy 
distri<‘tB. If a bottle is fi]le<l with water :uid inverted with a 
funnel in its neck in su<*]i a [»ool, boiih* of th(‘ gas can l>e col- 
lected hy Irolding the funnel over the ])ubbles rising from the 

iHvttoin. It is alsr^ found in large quautilies mixed with air, in 
coal mines, and some times issues (vom the earth, together 
with otli<*r gases, in t}u‘ neighl>orhvxKl of petroleum wells. 

It can be |)re|)ared liy passing a mixture of etirbon disulphide 
and hydrogen vsul|)hide or water vajK>r over ignited metals, as 
indicated in tiie following e<|uations : — 

CS. + 2 IKS 4- 8 ('fi CIK + I Cu^S, 

Mid CS, + 2 H,0 -f 0 (’u -c: CH, 4* 2 Cu.S 4> 2 CuO. 

These inetluxl.s are of special intta-est fur liie reason that they 
indicivtc tlie })OSsil)illi v of making marsh gas from the elements ; 
enrbou disuipliide, liydrogen sul|ihide, and water all being made 
readily from tlie elements. ^ 

It is formed, as its mxnirrence in marshes indicates, by the 
decompoBition of organic matter under water. In pure con- 
dition it is made movst readily by mixing 2 parts sodium acetate, 
2 parte potaBsium hYdroxide, ami parts quieklime, and heutr 
ing the mixture. AVriting smlimn instead of potassiiim liydfox- 
ide, the action which takes place is represenh?d ~ 

NaCyisO^ 4“ NaOH ^ OH^ 4- 
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It vrill be shown hereafter that most acids carbon break np 
iiic4i similar way, yielding a hydrocarbon antaa carbonate. 

Pm][>ert{e$, Marsh gas is colorless and inodorous. It is 
slightly soluble in water, but not so much so us to prevent its 
collection bver water. It burns. Its mixture with air is explo' 
sive. It is this mixture which is the cause of the ext>losions 
which so fre<jueutiv hike place in coal mines. 

Kxperimeiit 3. Make marsh gas from (lehydraleil sodium acetate, 
I^Ussium hydroxide, and calcium oxide, using the suhsUiuces iu^jhe 
proportion stated mi tiie prccetHng page. I'sc los of sodium acetune?* 
Collect the gas over water. Burn some as it escapes frota a jet. In 
small Quantities It does not readily explode witli ulr. 

Reagents, in gtmeral. do not :i(*t readily upon marsh gas. 
Chlorine in diffu>cd <Iayiig}ii gradually replaces the hydrogen, 
fbnaing a series of c<uupouuds whieli will he considered under 
the head of tiie halogen flcrivatlves of metlianc. I’he simplest 
of them ha.s the eoinposition j'e\)resented l^y titc ibnnula ( IlyCU 
and is known as rhlor-nuthii.He ov facfhi/l cfiforid*'. 

Ethane, C,H,. Ivthane rises from tlie earth fnun some of 
the gas wells in the regions in winch pedrolcum occurs. It is 
also found dissolved in crude petroleum. 

It can be made troiu melliam? l>y iiitroihi<*iug a halogen ami 
making a coui|K»unt} like chlin-mctiKUHN ( irC'l. As the cone- 
8|K>nding h><Iine derivative is less volatile, it used, d’liis iovio 
methane, CH J, is treated with ^inc or sodium in some neutral 
ineilium,^as, for ex'amph*, anhydrous ether. I'hc reacliou which 
takes place is represenhai thus : — 

CH,I + ( ir>I + 2 Na - CJJ, f 2 Naf. 

This method of luiUding u\> more complex from simpler hydrce 
carbons him been mml exttmsively ; and it is wxdl calculated 
to show* the relations ixdween the substances formed and the 
Simpler ones from which they are made. 

An oi>^ration of the kind involved in the nboye-meutioned 
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proparation of ethane is called a synthesis. The essential feature 
of tile synthesis is the formation of a more complex substance f^om 
simpler ones. Our knowlcHlge of the structure of the compounds 
of carlK>n is largely depimdent njxm the use of various methods 
of synthesis. For exanij:)le, in the case under consieferatiou, the 
synpesis gives us at once a clear view of the relations between 
ethane and methane, and also suggests tliat homology may be 
due to similar relations between the sf’c'cessive memiKTS of the 
si^ries, — a view wiiieh is fully confirmed by the synthetical prep- 
aration of the higher meml>ers. A similar nietluxl of synthesis 
has }»een used in the pre))araliou of tetralhiouie acid from 
Bodiiun thiosulphate. The action is reju’esented thus: — 


Na,SiK ) j ^ NaST), 

\ ^ ' NaSdb "" 

Two mo). Sotilniu Urtra- 

tJbioinlpbiitc. ibioQAi*. 


+ ■> Nal. 
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HALOGEN DERIVATIVES OF METHANE 
AND ETHANE. 

Sttbatitution. — When uietluvne nod chlorine fire brought 
together in ditl'used daylight, lulion tiike.'4 [dacf gradually; 
hydrochlonc acid gas given off. and one ov more priKlucta 
are obtained, acoooling to the lengtli of time the actioTi con- 
tinues. The products have lH*en sludii^d carefully, and four 
liave Ix^en isolate<l. The coin|)Osition of these products is repre- 
sented by lbi‘ foruHilas CIljCI, (’H/’l;,, CllCl^, and CCI4. We 
see thus that the uctioi] of chlorine consists in rc|>lncing, step 
by step, the liydrogen of thc' hydrocarbon, 'riic nction is repre- 
sented by the four c(puitir>ns : — 

(1) CTR + Cl, - CTICI -h HGl; 

( 2 ) CH3CI -f Cl, - CHX L -f IlCl; 

( 3 ) ClCCi, T CU - CllCh + IlCl; 

( 4 ) CIICI3 -f Cb CCI4 4' HCL 

This replacement of hvdrogtm by cldorinc is an example of 
what is kl,own as mhi^tliuthyn. W c sluill fmd that inost hydro- 
carlKins arc very susceptible to tlic influcn(‘c of the lialogcnw 
and a numlasr of other reagejits. such as nitric acid^ svdphuvk 
acid, etc., and that thus n large numtxig' of derivatives can be 
: iiiade, differing from the hydrocarl mjus in that they contain one 
or more halogen atoms or complex groups in the place of the 
same number of hydrogen atoms. It must ]>e borne in mind 
that tltc Jgicrc fact that chlorine, in acting upon marsh gas, 
replaces an equivakut quantity of hydrogen, doea not prove that 



chlorine in the product occupicB the ^amo place that the 
replaced hydrogen did. Nevertlieless, a careful Btiidy of ^all 
the factB regarding the products thus formed has led to the 
belief tlmt the subBtituting atom or residue does ocjcupy, the 
same place, or bear the same rdatiou to the carlion atom as 
the hydrogen did. 

The name sybstltuthit*pro(h(ctH properly includes all prtxlucts 
made from the hydroearlK)US, or from othtn* c;trl>on eojupounds, 
by the Bubstitutlon proc^^ss. I1ie principal ones are those 
lOrmed by the action of the halogens, or the halogen substitution* 
products; tbosi^ formed by tlie action of nitric acid, or the nltro- 
substitution and tliose formed by tlu* action of sulphuric 
acid, or the sul'phoHlc adds. The last are, however, not com- 
monly spoken of as snbstiliuion-producls. 

OWor-methane, methyl chloride, CHjCl. 

Brom-methane, methyl bromide, CH,Br. 

lodo-methane, methyl iodide, CHJ. 

The chlorint? and bromine products can be made by treating 
methane with the corresj>r>n<iiug element. They caik be most 
easily made by treating methyl :ikH>hol with the correB].>ouding 
hydrogen ticids : — 

cii,o + Hci == c ii:,ci + no, 

Mclbyl u]« ohoJ. Chlor-m<aluwH\ 

Di-iodo-methane, methylene iodide, CH, I;. — This sub- 
st.ajice is the principal halogen ilcrivutivc of methane containing 
two halogen atoms. It is made from iodoform or tri-iodo* 
methane, Clllg, by treating with hydi iodic acid,*the latter 
aotiug as a reducing tigent; — 

HI = CHjIs + I,. 

As will be seen, this is a case of reverse substitution; in other 
words, the action is the opposite of that described above as 
.substitution. Mcthyletio iodide is a liqtiid which boils at ISO”, 
and has tite specific gravity 3.342. 
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Ghloroform, CHCl,. \ The best known and most exten- 

^romoform, CHBf,. [ sivety used of these three derivatives 

Iodoform, CHIjt ) is eWoro/om or Di-ehlor-methane. It 
is made by treating alcohol or acetone with “ lileacliing {wjwder.” 
The action* is deep-seated, involving at least three different 
stagAS. It will Ihj referred to more fiillv tinder the head of 
t?hloral (whicb see), (‘hloroform is a heavy liquid of specific 
1.520. It has an ethereal odor, and a somewhat sweet 
taste. It IS scarcely soluble in water. It boils at 02®. It is 
one of the most valuable anaesthetics, though there is some 
danger attending its use. 

Katperiment 4. Mix 550^ bUMchinij powtier autl 1 i litres water In 
aSdltre Oask. Add alcohol of sp. i:r. Heat gently on a water- 

bath until action begins. A mix tare of alcolK>h water, and chlorofonii 
will distil over. Add water, and remove the cld«)roform by inearKS of- 
a pipette. Add calcium chloride to tlie chloroform, and, after Htafldlng, 
distil on a water-baifi. 

Iodoform^ which is used quite extensively in surgery, is made 
by bringing together alcohol, an alkali, and iodine. It is a 
solid substance, soluble in aI<‘oliol and ether, but insoluble in 
water. It crystallizes in delicate, six-sided, yellow plates. 
Melting-iK>iot, 119®. 

Experiment 5. Dissolve 20^ crystalU/.e<l Hodinm carlionatc In 100« 
water. Pour 10^ alcohol into the solution, and, after heating to 00^ 
to gradually add 10^' ioillne. 'fhe iodoform setciratcs from the 

solution. 

Teira-cfiior- methane .f CCb, is made by treating carbon dbul- 
pliide with chlorine, and by treating chloroform with iodine 
cliloridc, Id, 

Equivalence of the hydroffen atoms in '^letkane. Having thus 
seen yiat the hydrogen atoms of methane can easily replaced, 
ibe interesting question suggests itself whether thcBC hydr<>gen 
atoms all Isear the same relation to the carbon atom. We 
accept the ^nclnsion that the carbon atom is quadrivalent. 
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and that each of the four hydrogen atoms is in corabination 

• H(l) 

• I 

with it, as indicated in the formula (4) H — C — H (2), Do the 

1 

, H (S) 

atoms numbered h 2, 3, and 4 bear tlie same relation to the 
dirboh or not? If they do not, then, on replaeing H (1) by 
ehlorims tlu* product should l>e <liffer(UJt from tliat obtained by 
replacing 1 1 (2), H (3), or il (4) ; or, it should be possible 
.4^/*1nake more than one variety of ehlor-methanc and of similar 
products* This subject is an extrcimdy diflicult one to deal 
with. We call only say tJiat, although chlor-metliane has been 
made in several ways. th<‘ product obtained is always the 
same one ; and the stum* is true of all other sulmtitulion-pro- 
du(d^s of methane. ire have na reamn irhatever for 

believing that there are am/ dijfereHcea hetiveen the hi/drogen 
atoms of methane, ITe therefore vonvhaJe that they all hear the 
same relation to the carbon alonu 

This couclusion is of fundamental imj>ortance in dealing with 
the higluu* nieuihers of the imdluine series, and, indeed, in deal- 
ing with all ctirlK>n compounds, as will be seen later. 

Chlor-ethane, ethyl chloride, C,H:,CL 

Brom-ethane, ethyl bromide, C>H,Br. , 

lodo-ethane, ethyl iodide, C.H-J, 

These .substances are all liquids having ])leasaiit ethereal odors. 

The first boils at 12'’, the second at and the thigl at 72®. 

They are most readily made from alcohol, by treating with the 
eorrespouding hydrogim acids. In tlie case of the bromide and 
iodide, it is simpler to treat the alcohol with red phosphorus 
and the halogen. The^aetion is similar to that involved in 
making hydroltromic arid In tn^ating w ater w ith red phosphcirus 
and bromine. It will be shown that alcohol is a hydroxide, 
in which hydroxyl (OH) is in combination vvitli the group 
called ethyl, as nipresented in the formula (IH^.OIf. When 
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brorniu^^ is brought in oon tact with red jdiosphorus^ the tribro^ 
fnidc 5 PBr^, is fonnetl, and this acts iijxin the alcohol thus 

C^sOH *Br 
(ilI,,OH + Br 
C,lh,Xm Br 

When water is uschI instead of alcohol, the luoiiiinc appears in 
combination witli Itydrogen as Uydixibromie acid. 

iCxpertineut O. Arrange* tui apparatus as n^presenteil hi Fig. 

In the flask place 10»f red ph<»si)honis mul (W ahsohih? alcohol. Put 
60« broiiiiue in the ghiss-stoppered funuel, and, by ineans of the stop- 
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cock, let tilt; brornhjc enter llie flask very slowly, drop t>y drop. Aft<*r 
allowing the mixture to stand for two or three hours, gently heat the 
watertath, and tlie hrormetlmne will distil over. Place the distiltate in 
a glasa-stoppered cylinder, and shake it flo* wltli water to which some 
eanstfe »oda has been addeni, and then two or three tlnies with water 
aloife. Separate the water from the broin -ethane either by means of a 
pipette* or a separating flinneL Add two or three pieces of fused 

* A ao<Ki for two IhpiMs of <HflCr*rnt f r^vHfCi c»n 

m$d0i m foUi%0i S^ket a pkf<5(eof nibiag^Aboijt to « 


I r = 3 CyisBr + P(OH),. 
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ealeium chloride the slxe of a sinall marble, and let stand for a few 
hours. Then pour off Into a clean, dry distilling bulb, and distil, noti^ 
the boiling-point. • 

Amoiig the many luilogen substitiition-prodncts of ethane 
contain ing more than one halogen atom, only two wiM be men- 
tione4^ These are the two di-chlor-ethanes^ both of which are 
re^presented by the formula The existence of these 

two substances, luiving the same composition but entirely differ- 
ent properties, nffords a gooii exam pie of what is known as 
iiioinerism. . 

Isomerism. — One of the most striking and ij)teresting facts 
witii which we "become familiar in studying carlKUi comjK)und8, 
is the frequent occMMren(*e of two, and often move, substances 
containing the same elements in tlie same pr()}K>rtiou8 by w eight. 
Substances which bear this relation to one another are said to 
be os’omcr/c. 

Immerhm is of two kinds : (1) Substances may have the same 
per (’cnfuge composition ami the same molecular weigiits. Such 
IxKlies are said^to be tnxdamerku The di-chloi -cthaues, CTI^Cb, 
for example, arc metameric. (2) Subsbinces which have the same 
per centage composition but different molecular weights are said 

be pohjmeric. Aeetylcue. € 2 !!$, benzene, QHo. and styrene, 
CsIIj,, arc polymeric. 

KecotiU tliiat win fit htnjgly into it, that it can he movcii up and down without difficulty. 
Oraw out the larger tuhe, and lit to it a tube of at*o«t diainetcr and 16 ^ long, 
'flicn draw out thi« ta«t tube to a Huiiill opening, CIOiM? the wmaller of tho tw-o large tubeii 
by lUtdUng St together. Finaily , put lbS« tulw inUj the largc^wt one, and draw over the two 
a broad piece of thlitk rubln’r tubing, wdiich wiil cIojw,^ the oix'ning bc'iweciHlho two* and 
&t the mm\} liroo permit the upward and downward movement of the smaller tabe. The 
plpettti baa the form repremmted in Fig. !>. 



Fig. 5. 


The dfna«in«!0tt8 may be varied, but tho following will bo found convenicjr t : length of 
Wkieat tube about 16 to S!<0^ ; total length of Inner iuIk*, or piston, about to In* 

of drawing Ute large tube out and hitlng the smaller tnlw to it, theunlon may be 
timde by mean* of a eorfe. 
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The cause of isomerism is muloubtedly to be found in the 
djITerent reljitions w^ieh the parts of isomeric compouixk bear 
to each other. Our slructural formulas, wiiich show the rolatious 
l>e tween the parts of compoiuuls which have been traced out by 
a study ot^the <djemic:il ooiuluct of these eoinj>ouuds, giv^e us an 
insight into the causes of isomerism. To illustrate, let us take 
the two di-chlor-idhaues. One of these i>s made l>y treating 
ethane, the otlier by treating ethylene, OJf,, with chlorine. 
In the first case the afaion is .sul»stitxUion ; in the second, the 
ehiorine is added flireidiy to ethylene, thus, — 

Cdl, + ( 1. 

The prcKliiet from etliylcne is (‘alltal ethylene chloride ; thatfiX)m 
ethiine, ethylidene chloride. It will 1 h‘ shown that ethylene is to 

CH, 

be represented bv the formula ' ; that is, that in ittwohvdro- 

Vlh 

gen atoms an' in c«>inbinution witli each of the carbon atoms. 
Now, if chlorine is l>rought in contact with this substance, wo 
should naturally expect each t)f the carhou atoms to take up one 
atom of chlorine, and tlius to become saturated," as represented 
in the equation, — 

CH. Cl CTLCl 

! +* - 1 
CH. Cl CHXd. 


Chlorine is taken up, and it is believed that the etliylenc 
chloride ol>taine<l lias the strueture rej)reseuted by the formula 


OHjCl 


, the distinctive feature of w hich is that each of the chlorine 

CFCCI 

atoms k in combination with a difYerent carbon atunu 


We, how'cver, can coinadvi* of .nnotitrr p<jHsibility ; vi/.., that 
the chlorine atoms are both in coml>i nation with the mum 

* ■ CHCl, 

carbon atom, represented in the fonnula ! , and we 

Oil, 

should hctinclined to the view that this represents the structure 
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of ethylidetie (^liloride^ Fortutiatelv we have experimental evi- 
dence to tins view. It will be ^how n that aldehysle 

€110 » 

has the fonunla j . Wlien aldehyde is treated with phos- 

Cll, 

phoruH pentachloride, t wo (*hiorine ntoiiiB take the pfiice of the 
o^yltsn. A prodnct wliieh mnst be re|)reseTited by the fonnula 
CHCh 

1 * is formed, and this is identical with etlivlideae chloride. 

CH, 

Thus it will be seen that the <liff(-rence between the two iso- 
morie comjxninds, ethylene chloride and cthylidene chloride, 
dei)ends upon the fact that in the former tlic two chlorine 
atoms are in combination with different car)H>n atoms, while 
in the latter both ciiloriue atoms are in co!nl>ination with the 
Bame curlmn atom. 

* Geneml diarifcfen'sfkii of the halogen derivatirefi of methane 
and ethane. The one cliaracteristie to whicli it is desirable 
that special attention shouhl Ih‘ (allied is tlu‘ tirmness with which 
the linlogens ar(^ lield in llie comjiounds. { liiorine, in combina- 
tion with a metal in tin* form of a soluble eomjKmnd, can ahvaya 
he removed by addition of silver nitrate. It cannot easily l>e 
m> reiuoV(a.l when present in snb.'^titution products of the hydro- 
earboiiB. If silvm' nitrate l>e added to a s«.»lution of chlor- 
methaue, CU Tl, no preeipilate is foniuHi, On th(‘ ot])er band, 
W'hen chlor-niethane is lu aied with a silver (‘oinpound, the ehlormc 
is removed. SiKliuiu aial /due have tin' powaa* of extruetiag the 
chlorine, l)roinine, etc., fnmi halogen derivatives, and this fact 
is taken advantage of in llic synthesis of many hydia>carl>OD8. 
(See '‘Ethane/^ p. 21.) * 



CHAPTER IV. 


♦ 

OXYGEN DERIVATIVES OF METHANE 
AND ETHANE. 

are several chisses of oxygen derivatiyes of the hydro- 
caTlx)iis. Aniong tfioni are tlie important coui|K>iind» known as 
alcohols, ethti>i, aldt*hY<U‘s, and acids. Ivicii of these classes 
will be tiikeii up in turn. 


1 . AiAonoT.s. 

Among tlie most important oxygt*n derivativcB are the alco- 
hols, v»f which iiHdlivI alcohol, or w<kh 1 spinr>s, and ethyl alcoho*!, 
or spirits of wine, arc the best known i‘Xiun{>les. As far m 
c<)m[><>sitioii is < oneenuMl, these Iwxiies bear^ \'ery siin|)le relations 
to tlte two hydrocarlions, methane and ethaiie. These rela- 
tions are indieatc<l by tlN.' furmnhis, — 

nydr<K‘;t rlxns. AloohoM. 

ciu cn/> 

(AW, 

The molecti!(‘ of the alcohol ditfers from that of the corrcspond- 
mg byclrocarlKm by one atom of oxygen. In onlcr lo under- 
stand the eljcmicai nature of alcohols, it will be best to study 
witli some care the remdrons of one ; and wo mav fake foj' this 
purpose the simplest one of the series, vi>c., melltyl alcohol. 

Methyl alcohol, CH*0.^ — This alcohol is also known as 
wood spirits. It is fcmnvl in nature i# coiiibination in the oil 
of wintergreen. It is formed, together with many other sub- 
stances, in the dry distillation of wckkI. It is hence contained 
in crude pyroligneous mU} or wood vinegar. Wood is distilled 
fa large quantities for vaiious purijoses ; chiefly however, fot 
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making charcoal. In some charcoal factories the distillate is 
collected and utilized. W(X)d Is ciistilled also for the purpose 
of making vinegar^ or [)urc aceti(» acid. 

It is not an .easy matter to get })ure meth}*! alcohol from crude 
wwd spirits. Fractional distillation alone will net answcl; 
though, if the mixture is <lihtilled for home lime, and the impure 
ak^ohol thus obtained then converle<i into Home crystalline deriv- 
ative, the latter can he puntied and tlien decompohcd in such 
a way as to >ieid the alcohol in pure condition. 

Methyl alcohol in a ]i(|uid >\hich boiln at and has the 

si>i^cifi(‘ gravity {2 at ti"*. it clohrh n‘sembles oi dinary 
alcoliol ill all proj>ertics. it lairu*- with a non-luiniaous 
flame. taken into tlie system it nito\i(‘ates. In concen- 

trated form it is poisonous. It is an excellent solvent for fats, 
<)ils* r(‘sins, (*t(‘.. and cxtcaisiveh us^d fui this purpose. 

K Action (if hifdrochlorU^ lojdrohi'oniii\ und other acids *on 
mcOml ah (dad. The aedion of a few’ a(‘id*- is represented by 


tho followint; enjuations : — 




(II^O ^ UHr 

==. (11, Hr 

+ 

ILO 

Cn^O +- IK'l 

- Vlifl 

+ 

11,0 

cii.o + UNO, 

= (IT, NO, 

+ 

11, 0 


2 CTI,0 -f- IFSC), = (( II,), SO, 4* 2 11,0. 

The action is plainly suggestive* of tliat of metallic hydroxides 
or bases. In each ease the aeid is ueutrali/.ed and water is 
formed, just as the acid would be neutralized by potassiimi 
djydroxidc. 

2. of phosphornn trichloride. When phospiiorus tri- 

chloride acts on methyl ak*ohol, the products arc ehlor-meihatie 
and phosidiorous acid : — 

3 (11,0 + 1*CT==: riTCl + P(OH)s. 

Hero au atom of oxygon and an atom cvf hydrogen are togeAer 
replaced by onc‘ atom of chlorine, the reaction being like that 
wMch takes plac<^ between water and phosphorus trichloride : — 

3 H,0 + PCI, =« 3 HCl + P(0H)5. 
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This fact would lead us to suspect that there is some resem- 
bjance hetweeu the alcohol and water. 

3. Action of jM>tmsium and sodium. When i>otasslum is 
brought in con tact with pure methyl alcohol, hydrogen is given 
oft, and acoin|)Oiind containing potassium is formed: — ■ 

CH,a -f K CiI,KO -p H. 

Further treatment of tins compound with jK>fas8ium causes no 
rtirther evolution of hydrogen, so that plainly one of the four 
hydrogen atoms contained in methyl alcohol difters from the 
other three. 

The rc^semblaiua^ f)etween methyl alcohol and metallic hy- 
droxides : the replacement of hydrogen and oxygen by chlorine ; 
and the resenihlarjce betweiui tin? alcohol and water; and, 
hnaily, the r^jplaceineut of one, and only one, hydrogen atom 
by |X)tassiuuK lead to the eonclusion that the alcohol contains 
hydrogen and oxygen in <*oml)ination, and that the characterivStic 
reactions are due to the j>resi‘nee of tlu‘ grou[) called hydroxyl 
(OH). T lie analogy })etwecn the al(*olioL a metallic hydroxide, 
and water, is shown by these formulas: alcoliol, CIJ 3 .OH ; 
hydroxide, Iv.OH ; water ILOH, Thus water appears as the 
type of both the hydroxide and the alcohol, and they may bo 
regarded as derived from water by re|>laoing one hydrogen atom 
hj the group €11^. in the case of the alcoliol, and by the liietal 
j>otassium in the case of the hydroxide. Or, on tlie other hand, 
rnethyl alcohol may l>e regarrled as marsh gas in which one of 
the hydrogen at<jms is replaced by hydroxyl. This is the view 
which is ijiniversally held. 

To test the cotTectness of the vii‘\v, we may try to make 
methyl alcohol in some way that will show us of wlmt purls it is 
"rhus, we may start with marsh gan, and introduce 
a halogen, as bromine. Now , if weaning broni-methane to- 
getfler with a metallic hydroxide, the bromine and the metal 
may unite, leaving the hydroxyl and the group CHg, which may 
unite aiso^ aa indicated in the equation 

CHaBr + MOH CH 3 .OH ^ MBt. 
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•If inethvl alcohol could be made in this way, we should have very 
(*lear i)roor of the correctness of the vi(nv e:*presse(l in the fonn^la 
CHj.OH. Methyl alcohol has been made by this reaction; and 
it is indeed a General I'caetion for the preparation of alcohols, so 
that the proof that alcohols arc liydroxides is conclusive. 

The reactions above (‘onsidered sho^v tliat the part of methyl 
alcohol whi(‘li con‘e8[KmdK to tljc mi»tal in hydroxide is tin* 
group CII3. This it is which enters into the acids in place of 
tlunr hydrogen, and tins rencjins iinchauLred wlien potassinm 
acts upon the alcohol. It hasr<‘ceived tlie naine inethy}. Hence 
we have the names mefhvl alcohoL methyl bromide, methyl 
ether, etc*. A group whi(‘h. like methyl, aj>])ears in a number 
of compounds is called a ntdiraL or rcsdhH'. These names are 
intended sim}>ly to (h'sig/iate that pari of a carbon com|K)nnd 
which nMnaiiis unchanged when the comiK>mul is subjected to 
various transforming induences. 

The two most chara(*teristi<; retu/tions of methyl alcohol are: 
(1) its power to form .salt-likr*, neutral bodies when treated 
with acids; and (2) its j><)wer to form an acid when oxidized. 

The neutral l>odi(‘s formed witli acids coria*si)ond to tlie salts 
of metals, only iluyv c(>ntain the radical, or residue, methyl, 
CH3, in the place of metals. They art? called compound ethers 
or ethereal salts. 

The acid formed by oxidation has the c<>m]K>sitiou expressed 
by the formula (TI^Oo. It dilTcrs from tlie alcH)])ol by contain- 
ing one atom of oxygen UK)n‘ and two atoms of hydrogen less. 
It will be shown that this aeid is the first of an important series 
of acids, known as the /a//?/ nrhJs^ eaeh of whielv bears the same 
relation to a hydrocarbon containing the saun* nmnber of carbon 
atoms that this simplest nod bears to marsh gas. 

Elthyl alcohol, — This is the best known sub- 

stance belonging to the class of alcohols. It is known also by 
the names spirits of mine and ordinary alcohol. It occurs in 
small quantities widely distributed in nature, ♦ 
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The one method of [>repjinitiou upon which we are dependent 
for alcohol is the fer(nontation of sugar. 

Fermeiatation. — Whenever a plant juice which contains 
sugar is left exposed to the air, it gradually undergoes a change 
by ^Yhieh it loses its sweet taste. Usually tlie change conaistH 
in a In-eaking ii[> of tlic sugar into ctirbou dioxide and alcohol. 
Tlie equation 

2(UW) + 2C0o, 

Sugar. AJculu.}. 

approx iinately cx}M’ess(’s wliat takes })lace in the |;rocess which 
is known as (dcoJtoU*: It lias lieeii shown that 

ferinentation is caused i'V the presenei' of small orgMni7.ed 
l>odies, either animal or veg(‘table. d'hese hoflies. whic^h are 
known as ferments, are of ditrerent kimis. and cause difTt*rent 
kinds of fermentation with <lilb‘rent produets. Among tlie kinds 
of fermentation tlie following may be specially mentioned: — 

1. Akoholir or vinous ferinvnfotion. ddiis is ennsed lyy a 
vegetable fenmmt which is contained in ordinary yeast. The 
fennent consists of .^mall. rouml cells arranged in chains. The 
products of its iudion arc alcoliol and carfHUi dioxidco 

2. Lactic (icl(l fitmo station . This is due h) a vegetalde 
ferment which is contained in sour milk. It lias the iM)wer of 
transforming sugar into lactic a<ad. 

3. Acetic aci(l /(/rnientat ton. ''Uiis is <]ue to a [lecidifir vege- 
table ferfuent which acts u|)on alcohol, transforming it into 
acetic acid. 

The genus of the various h^rincjits arc in tfic air; and, w'lica- 
c\er they find favorable conditions, tljjy dcvrdoj) and |)rodnci! 
tludr characteristic <*ffccts. "I'hcy will not develop in a .solution 
of pure sugar. Tlie variety of sugar which is fennentabU3, and 
vvivieh is the one from which alcohol is obtained, is not our 
ordinary wine sugar, but one known ufi f/rape sugar; or, more 
commonly, glucose. In order tliat the ferments may grow, there 
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must he present in the Bolution, besides the sugar, substances 
whicli contain nitrogen. These, as well Jis the sugar, are con- 
tained in the juices pressed out from fruits, and lienee these 
juices readily*midergo fermentation. ^ 

In the manufacture of alcohol a solution containing cither 
starch or sugar is first prejianal from the residue of wiiui presses, 
or from some kind of grain or potatoes. In ease* the solution 
contains grape sugar, this midcagoes fenia iitation direetly 
when tlie fernumt is added. If tiie substance in solution 
is cane sugar, this is first changed ]>y the ferment into gra|>e 
sugar, and the? fermentation then takes place as in the first 
case. 

Kxperiment 7. Dissolvai about 150? commercial grape sugar in 1 to 
U litres of water in a good-si/.ed llask. Conneet the llask by means of 
ff bent tube witii a cylinder containing clear lime water. Protect the 
latter from the air by means of a tube containing caustic |)otash. Now 
add to the "Solution of grape sugar a little brewer's yeast; close the 
conneetions, and allow to stand. Soon an evolution of gas will begin, 
and, as this passes througli the lime water, a jireeipitate of calcium 
carbonate will bo formed. After the action is over, place tlie llask in 
a water-bath; connect with a condenser, and distil over of the 

liquid. Examine this for alcohol. 

A good way to detect alcohol is this : Warm the solution to be 
tested ; add a small piece of iodine and then caustic potash until the 
color is d(‘stroyed. On cooling, a yellow crystalline powder of iodo- 
form is dei)osited- 

To obtain alcohol from fermented liquids, they must be dis- 
tilled. The ordinary al(‘ohol contains water, and a u^xture of 
other alcohols enWod fusel oiL The latter can be removed partly 
by distillation, and the last portions can be got rid of by filter- 
ing through charcoal. The water cannot be removed completely 
by distillation, tliough a product oontjiiinng about 96 per cent 
of alcohol can be obtained in this way. • 

Absolute alcohol is ordinary alcohol from w’hich the water has 
been removed to a con.sidcrablc extent by means of some dehy- 
drating agent, as quicklime, barium oxide, or anhydrous copper 
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sulphate. By continued freatinent with lime the quantity of 
wvitor can he rtMluced to one-half a ]>or cent, and this small 
quantity can be removed by treatment witli metallic sodium. 

Kxperiuu'ttt 8. ITepare absolute alcohol from ordinary strong 
alcohol. For this ]mr!>ose a good-size*! tlask onedialf to two-thirds 
filled with quicklime broken inio small lumps, Tlie alcohol is poured 
upon the rinue and allowed to stand at least twenty-four hours, when 
it is distilled otf on a water-baih. if Hie aleohol used contains eon- 
slderable water, it is ncci'ssary to repeat the treatment with lime. 

Pure ethyl aleohol has a peculiar, pleasant odor. Tt is 
claimed. Iiowevio', tlmt })erft‘etly anliVilrous tik‘ohol has no 
(xlor. it remains licpiid at vca-y low teinjioratiire.s, Init has 
recently been convioled into a solid at a tein[)eraturc of h'lO.o'k 
It boils at It burns with a non-liuninous llanna which 

dries not lea\'e a do[H>sit of soot e>n substatu’es placed in it. it 
can hence be used for healing purposes in (dieniieal laliora- 
tories. When mixed witli air its va|>or cxp]o<l(*s wlu n a, llarne is 
applical. Its effe(/U u{>on the human system are well known. 
It intoxi(‘at(‘s when taken in dilute form, while in large doses it 
is poivSOiKUis. It lowtu's tin* teuiperatiirt* of t}n‘ ]>o»ly from 
to 2 ^ when taken interimlly, altlKHigli l)u‘ senstdion of waranth 
is expcrietu'cd. 

Alcohol is the principal S(»lvdiit for substanc(‘s of organic 
origin. It is hc’iua? extensively used in the arts, as in the manu- 
facture of varrii>lics, [M rfjnnes. and tinclina s of <!iugs. 

The many lieverages wliieii are, in use depend for (heii- efli- 
ciency U[r)nlhe jiresenciiof alcohol in greater or smalhu' (|uantitv. 
The milder forms of beer contain from 2 to 3 per cent; light 
wdnes, sneli as claret, abont: 8 per ctml ; while whiskey, brandy, 
rum, and other distilled liquors sometimes (‘ontain as inneh as (JO 
to 75 p<‘r cent. These dislilhal liquors arc* nothing Imt ordinai’y 
>vith water and simdl ((utnitilies of sulistances obtained 
from the fruit or grain used in their }>re}>aration, or obtained lyy 
standing in barrels made of oak wood. ''Fhe dilYerent flavors 
are due t<i tlic small quantities of these substiinces. 
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CJftemical conduH of ethyl alcohol. All thnt was said in regard 
to the clieiiiical eondvK*! of iiKdJiyl alco^iol applies to ctlf\'l 
aU'ohol. The action of acids, of pliosphoriis trichloride, of 
tlic alkali metals, and of oxidizing agents is the same as in the 
case of methyl tdcohol, only the products formed contain the 
radical, ethyl, CoH^, instead of Jiiethyl. 

Norn Foa SriroKN’r. — 'Fhe student, is advised to write the equa- 
tions representing the aetion of liydroeldorie, liy<lro])roniie, and nitric 
acids; of phosj>horus tricliloride ; and of [)t»tassium, npori ettjyl alcohol. 
AVliat is tlie composition tin; acid formed by oxidation of ordinary 
alcohol? 


2. Etiikrs. 

As has been shown, when an alcohol is treated with potas- 
sium or sodium, con)[)onnds are formed having the for- 

iimlUvS 

( IfjONa, ClijOK, (bIl,()K, CTl,ONa. 

If one of these is treated with a m(>no-halog(*n derivative of 
a hydroeiirljon, as, for example, iodo-metliane, ('II3I, reaction 
takes place tints : — 

( Il.()Na + (TIT (bl],() + NaT. 

The reaction haives \crv little room for doubt in regard to 
the structure of the comjHniud It must, be ixqtresented 

Ijy the fornmla ClI; — O — ( ILj, or (bTl;)^!). 

L 1 h, 

(k>mparing it witli ntidhyl alcohol, we set* that it is^ohtaiued 
from the alcohol by rej)l:i(*iug the Jiydrogeu (d’ tlie liytlroxyl by 
methyl, CTL;. Just as the alcohol is analogous to the hydroxide 
KOII, so the new t*ompouud is analogous to the oxide KX). 
It is tlie representative *or a class of btulies known as ethers, 
whicli are analogous to the oxides of the mtdals. Our ordiimry 
ether is the chief representative of tlie class. 

While the reaction above mentioiUHl serves admirably to show 
the relations between the al(*ohuls and ethers, it is not; the one 
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that is made use of iu tlieir preparation. This eonsista in treat- 
ing the alcohols with «nlphurio acid, and distilling. 

Ethyl ej^her, CiHi^O (C^Hd^iO. — 'Du-s is the siihstaiu i 
oominonly known simply ns t fhi >\ or ml/JiurH: eth^r, Tlie latter 
name wits originally given to it because sul[>[iiiric acid is usctl 
in its manufacture, and plainly not beeausc any sulphur is con- 
tained iu it. 

Theorcticaliy, the siinplest way to make ether from alcohol 
is to make the >t>dium ('ompouud of ahaihol, and to 

heat this with broin- or i(.»do-eth:uie tluis : — 

VJ\:()S:x + CAIJ (('Jb)^()+ Nal. 

Pra(*tically . howa'ver. ether can lie iiiade innch more readily, 
and it is made on tlu- ln!-g<‘ v'^cale ]>y mixing sulphuri(‘ acid and 
aicoliol in certain pj-oporlions, ami thmi distilling the mixture 
as describt'd 1 h‘1v>w. 'J'wo distinei reactions uvo iiivolvcd in this 
proca-ss. First. wIk'H alcohol ami suljihiirie acid are brought 
together, half the iiydrogcn of the acid is rcplacHai l)y ethyl 
thus : — 

aiL,()ii + J[ >.s(^ = + ICO. 

The product fornied is called ethf/l-suJ/^hvnc acid. 

Kxperiiiient 0. Slowly p<>ur 2o to coneeut.rated svilplmric acid 
Into about the suiiic volnino of aleoliol of so to ao jH r Stir 

thoronahly. and dihio* witli a lifn of water. In an evaporating dish 
add powaltfaMl harinni carlK,)nate until the liquid is nentrah Filtm*, 
and examine the clear tiltrate for barhim. Its pre.senee show s that a 
soluble bariuMi salt has been formed, 'rjn.s is barium ethyl-Kul|>iiute, 

When clhybsulplniric acid is lieated with tdeohol, ether is 
foriSied, and stilphuric acid is regtmerated thus : — 

CaCOII + 4- icso,. 

IjL 
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other thus formed distils over ; and, if alcohol is admitted 
to the sulpJiuric acid, (dliyl-sulphnric acid ^vill again l)e fonn^'d, 
and with exe(‘ss of alcohol it will yicM ether. The actual 
method of |)rva‘cdure is dcscriht‘d in 

• 

Kxperhiieut 10. Arraia^i* ;in app.‘ir;ini< as sliovvn in <1. In 

the flask pvit a inixtnn; of 2')o.s ulcoliol, and :u;0- onlinary (‘onceii' 
trated sul{diiiri<‘ acid. It is heller to mix in aiiotlier vessel, 

and allosv tlut mixture to .stand for some time until it is tliorou’^Llv 


m 


Fig. e. 

cooled down; and then to pour olf from any deposited solid as com- 
pletely as possible. Kow heat until tlie thermometer indicates the 
temperature 110”. At- this point tlic mixture lK)il<, and ether begins to 
pass over. As soon as tliis is noticed, ojum tlie stop-eoek of the vessel 
A, and let a slow stream of alcohol pas.s into the distilling flask through 
the tube />. vvhi<’h must reach beneath the surface t>r the mixture. 
Kegulale tliis stream so that liie temperature remains as near 140^ as 
posslhde. In this way thc^operation can he kept uj) for a considerable 
time, the nlcoliol arimitted to thi‘ flask passing out us ethcu% and being 
(‘ollected toL^ether witli some alcohol in the receiver. After ah^ut a 
iialf litre to a litre of tiistillate lias been collected, stop the operation. 
The mixture hi the distilling thisk can be kept in a stoppered bottle 
and used again when needed. Pour the distillate into a glats-stoppered 
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cylhuler, aiul add water. Tlie et1i<*r will rise to the top, roriniiig a 
(iis^iuet lavv T', juui can in‘ r<anoved l>y means of a pipette or sepiiruting 
funnel. It slioiild tie slittken in this way a ftnv (irut'S with water; then 
treated with a liMle eahiuni chloride; and, iiftei sranding. })Oured olf 
into a dry Uask, anil di'-tilled on a water-I>ath. 

N.B. AVn.y f’oif fihtr 111*1 r fr>‘p jlaint : omK ht irnrk'nHj v'ilh it, 
uhr<vjH rtircNiUif oj‘oi'l thr uf if/hhorhni,tt of jUinu s. In t‘oiiino‘ it on a 

tmttr-hfjlh^ do nut hojt tlo >rn(Kr t'-.* bodlruj. 

Ether is a eolorh^s-s, inohile li<)tiid of a peculiar odor and 
taste. It hoils at d i .i . ( lituice t he neccs.sity for the pre • 

cautious uiciitioMed ai>cvv^^) Its spHaatic ora\'ity is (t7‘>r> at (t\ 
(What evideu<*e have you had that it is lightm* tiian waiter?) 
It is very iuliaiuraa)h‘. 

Experiment II* lilt, a fi-w euiiie centimetres of liher in a small 
evaporating di^h, and apjely a ihune. 

When its vapH)!’ is mixed with air* tlu* mixture Is extremely 
expilosive. Ether is >omewhat soluMe in water* and water i.s 
also soiuew'liat, though le<s, soiuole in ether : so that when tlu‘ 
two are sluiken togetln*r the volume of tlie ether lieeomes 
siualier* even tliougii every p»reeautiou is taken to a\(>id ('vapor- 
ation. Ether mixes witli aleoliol in all proportions. It is a 
good solvent for re.sius, fats, alkaloids, and many otluu' ela8.ses 
of carbon compounds. 

It is an (‘XO'cllent anae'^thctifo and is usimI extensively in this 
ca|)aeity. In cons( qumet* of it.'> rapid 4/\ jqioratioiK it is used 
to p)roduce eolil. as in the manufacture of ici>. So* .also* when 
brought against Ihc skin in the* form of spray, tlu* cold |;rodu(HMl 
is so great us to (saiise inst‘n>ibility. 

Experiment 12. In ri thiii glas.s U st-tul)e fini waiter. Introduce 
the tube Into a small b< aker c adaiiiinL' sormv-t Ikm'. Fciree air tlirougli 
the ether by means of a lieUow's. The. water w ill bt‘ fro/en. 

ff 

Chemical conduct of ether. If we W'cre <h?pmident uiion the 
ileCompositioiiB and general reactions of (3th(u’ for our knowledge 
of its strudure, we sliould be left in grave doubt as to the rela- 
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tioRB oxinting between it aii<l alcoiiol. Its decompositions are 
mostly deep-seated, an<l not r'asily <‘xphiin|*d. Fortunately, ^ 
we have seem, its synthesis from sodium (‘tlfylate, C^U^ONa, and 
iodo ethane. ('dL.I, leaves ns in no do«ibt rt*garding its strneture. 
d’he simplest de(‘oia|)(.)sitions are these : — • 

Heated with water and a small quantity of siilt)luii ie acid to 
loO’", it is eonverletl into alcoliol : — 

[!-}[■' >0 + {J>0 = 2 CJl,OII. 

Treal(‘d with hvdriodie acid at a low tein})eraturc‘, alcohol 
and iodo-cthane are formed : — 

^ -••>>() .{- It = ( JI.OII 4- CUjL 

C,If, I ■ - 


Mixed ethers. — dust as ordinary or etlivl aleoliol yields 
ethyl etluuy so methyl alcohol yields methyl ether, ((dl;j)20. 
lly inodifving the nudhod, a mixed et1tei\ methyl -etJiifl cther^ 


( .H, 
(IF 


(), can b(‘ obtained. This is fornual l)y treating sodium 


m(*thyiat(‘ with i^Hlo-ethams or by treating sodium etliylate with 
iudo-methane ; — 


(MI.ONu + C'«H,,r == > O + Nal ; 

eH,<)N.-i + (^ILl = + Nal. 


It is formed also l)y distilling methyl aleoliol with ethyl-sul- 
plmric acid, or ethyl alcohol with inethyl-sulpliuric aci<.f: — 


CH., ^ CUl, ^ €,II, j j ^,0, ; 

II ir, ciT/ T - 

Cjllf, C'll., ^ eilj H«SO.. 

II II CII, 

Methyl ether and methyFethyl ether are very similar to ordinary 
ether. 
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3. Alpehydks, 

i It has been state(hnbovo that wiiei) iiu*tliyl and ethyl alcohols 
are oxidized, tlioy are converted into acids luiving the fonniilus 
Clld\. and respectively. Uy {>roper precautions, })rod- 

uct^ can V)e obtained inteiinediate Ixdwcen thi^ alcohols, juid 
acids, and ditYerin**; from tluon in eoinjx^sitiuu in that they 
contain two atoms of hydrogen less than tlie corresponding 
alcohols. These products are called from alcohol 

dehyilroifiaiatum. from tlu^ fact that tla.'y most jcgarded as 
alcohols from wliieli hydrotrcji has bt'en alKStraeted. The rela- 
tions in eomtKxsition i>et.ween the liydroc*in’lx>ns, alcohols, ;ind 
aldehydes are shown liy these foimmias : — 


IlydnxMfbonj^ 

Ah:-o\\oU. 


Cil^ 

(iiy ) 

CIU) 


CdM> 

(bU/) 

etc. 

etc. 

(‘tc. 


Methyl aldehyde, formic aldehyde, CH.O, d’liis is 
made Ijv gentle oxbiatioii of m(‘th\i ah'ohnl. as by passing the 
vapor of tlie alcohol with air over a heated t^lalinum s}>iral. It 
is a very volatile li(iuid. which, n[> to tla* [jrcsjuit, has not )a*en 
prepared in j)iire condition, 

Jn order to giiin a eleai' insight into llii' n/itme of the aide- 
hyde.s, it will be best to study the best-known n preseittative ot 
the class, whitdi is acetic aldehyde. 

BthyL^ aldehyde, acetic aldehyde, C.H,0. ~ The naira' 
ethyl aldehyde is intendc<l to rci'.al! tla* nmtwctkm l>e tween tla- 
substance and ethyl alcohol ; wlhle tiie nnnic acidic aldehyde is 
given to it b(*ca»s(‘, by further oxida^^on, it is f'on verted into 
acetic acid. The latt<T is perha[>s the i)etti*r naiiK', as tin* alde- 
hjfle really does not contain ethyl, as is evidiuit from its 

mole<ailar formula. 

Acetic ^ aldehyde is formed whenever alcohol is brought in 
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contact witli an oxidizing niixtnre ; mb, for example, potassium 
diehromate and dilute sul]>huri<t acid. 

Experliueiit •13. Dissolve? a little j)otassiviu» dichrornate in water, 
and add snlphuric acid. Now add a ftov e iible ctaUjnK tjies of alco- 
hol, and notice tlie odor wldclj is that of a]«]chydc. Notice, also, 
the chanjL^t; of color of tlie solution, sliowin^ the rednciiori of the 
eliroiuate. 

As aldtvhvde i>s m very volatile licpiid. it is ditrnailt to collect it. 
Ill j)re[nirino it, it is tlierefore l>etter to ])iuss it into some liquid 
wliivdi will absorb it, and then afterwards separate it by some 
ap[>ro]n’iate nndliod. A good iiietliod is that described below. 

Kxperlfuent 1+. Arrange an apjiaratiis as sliowu in Fig. 7. Put 
12(F" granulated jxnassinin (li<‘hroniat<? in the liask .1, wlii<'h iimst have 
a/*aj)a(dty of 1] to 2 litres. Make a inixtun* of concentrated suF 



phuric acid, iSOi? water, and 120« alcohol. Cool the mixture down to 
Hie ordinary temperature, and tlum pour it ifhorhj throngli the funnel- 
tube if into the Husk, which should staud on a water- batli^coiitaiuing 
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wanii water. Tlie eyliiiders C Jiiul D are ivhovit half filled witli e)rdinary 
ether, eaeli one eontain|rfit aluMit 200'^' ether, and })laeed in the larue 
vessel h\ which eoiUains lee water. The condenser should he supplied 
with water of al«oiit 30 (J. 

Usually, wlien the ah-ohol, watt*r, and sulpliurie acid are poured upoti 
the diehroiu.Hte. the action begins without application of licat. At times 
it takes place rapidly, so that the liipiid sljould always he ndtled slowly. 
The ald< hyeU' whi<'h is thus formed, lou'cther witli souk* al(a)lK)l and 
waiter vai>or. passes into the coiulensordulie, ^vh^‘r*‘ the Lfivatcu' part of 
the alcohol and tvater is eoniiens<‘ji ami vetiu*n<Ml to tin* tUisk, wliik* 
the aldeliyde, l>ein^ much more \ olatile, passes into the etlier and is 
there absorbed. After the action is over, tin* ilistiilini!: vessel and cun- 
dcii.scr are rcir.ovcd. and, at A’, comieetion is niadi* with .*in api>aratus; 
furuishiiig ib'y ammonia ^as. The* ;ia.s is i)ass<‘il into the cold ethereal 
^jolution of aldehydi* to tiu* point of saturation. .V beautil’ully crystal- 
lized compound of aidehyd*' ami ammoida, known as (tblr/o/tJe-mfuaunia, 
is deposited. 'I'he etlier is pouri*d «)fr, and tlie my>tals placed on filter- 
paper. They frradually undertio ehaim«‘ in tin' air, hceoiinuir yellovv, 
and a<’<{uirin,i; a |>eeuliar odor. If (he crystals art* |>hie<.‘(l iu a ila.sk and 
treated witli dilute sulphuric acid, pure aldehyde }>asses over, aiul can 
be coudeii.sed by ice cold water. 

Ill tlie process of [nnillcation of onlhiary alcoliol it is hlterml 
through ebarcoal. It is thus partly oxidi/aal to ahhdiycle ; aiKi, 
wiien it is afterwards distilhal, tln^ first portions wliieli ]>ass 
over contain aldehyde, whieh was fortnm*ly obtained on the 
large .scale by repeated distillation of these first rniiniiigs.'^ 

Aldehyde is ti (a)lorl<‘.SH liquid, boiling at It mixes with 

vyater and alcohol iu all proportions. Its odor is marktMl arid 
characteristic. 

From the chemical [loiat of view, the must cluiracteristie [irop- 
erty of alclehyde is its pow'er to unite directly with othm* sub- 
stanccB. It unites wdth oxygen t/> form acetic acid ; with 
hydrogen t<j form alcoind ; with ammonia to form (ddmyde- 
ammo'nia^ C Jl40.NIl.j: with hydroe value acid to form aide- 
hyd^ hyd/roi^fatiMe CvIIAI.HCX ; with the acid sulphites of 
the alkali(is forming compounds nqiresented by tlie fonniihis 
CblltO.IlKSO;, and CoIIiOJINaSO.., ; and with other substances. 
Indeed, irteft to itself, it rca<lily changes into polymeric modi- 
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fieations, uniting with itself to form more complex compounds, 
paraldehyde and metaldehyde. . • 

Paraldehyxie, QHi.O.. — This is formed by adding a few 
drops of concentrated sul|)huric acid to aldehyde, wltich causes 
the liquid to become hot. On cooling to O'", the paraldehyde 
solidifies in crystalline form. It melts at It dissolves 

in eight times its own volume of water, and lioils at 124°. When 
distilled with dilute sulphuric acid, liydrocliloric acid, etc., it is 
converted into ahhdiyde. The sjKM-ific gravity of its vapor has 
been fount! to In* Tiiis leads to tla* molecular weight 

1)52.4, and consequently to tlM‘ formula ('.jIljJ).. It is called a 
polymeric nuxlifK'ation of aldt^liyde. 'The cause of the peculiar 
action, and tiie structure of the ])rodmt an' not known. 

Metaldehyde, CMy-Ou — ^letaideliyde is formed in much 
tlie same way as p:naI<lehydo. only a low tempenature (below 
0°) is most favorable to its formation. It crystallizes in needles, 
wliich are insolulile in water, and but slightly solulde in alcohol, 
chloroform, and etlier in the cold, thongii more ixaidily at a 
slightly elevated temperatun‘. When heatinl to 120^ in a sealed 
tube, it is convert(Ml into aldeiiyde. Determinations by the 
frt'ezing“j)oint inethoil sliow that the inoleeular weight of 
/)v.s///y p !'(' iHi iu>(f metaldehyde is the same as that of paralde- 
hyde. On stamling it is convert(‘d into paraldehyde and, 
pi'obably, a sn])slance of tlie formula (( ^llvOi^. Distilled with 
diUft.e snlplinric aeid, et(‘., metaldehyde is easily converted into 
aldehyde. 

In consequence of the tendency of aldehyde to unite with 
oxygen, it is a strong reducing agent. When added to an 
aunnoniacal solution of silver nitrate, metallic silver is deposited 
on the walls of tla^ vessel in the form of a brilliant miri'or. 

m 

Experiment 15. To a weak aqueous solution of aldehyde, or of 
aldeliycle-ainmoula, in a test-tube, add a few drops of auiinouia and of 
a solution of silver nitrate. Warm gently; and, when the<»deposit on 
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the walls of the tube begins to appear, stop heating. A brilliant mirror 
af metallic silver wilb appear. This int‘thoil is used in the manufac- 
ture of mirrors. Wha^ becomCvS of the akiehyde? 

Chemkal trcmiiformatitms of iddehyde. As aldehydci is pro- 
duced from alcohol 1)V oxidation, so alcohol can be formed 
iiom aldehyde by reduction : — 

Cdw + + ILO ; 

Coll,() + IL = (AleO. 

By oxidation aldehyde is converted into an acid of the f(>rrnula 
Cvli 402 , wliieh is acetic acid: aiul, by reduction, acid is 

converted into aldehv de : — 

CTi^o + <) = (UiA; 

+ IL ^ CAl,() + ILO. 

Treated with phos[)honis pentachloriih', aldehyde yields ethyl* 
tileae ehJorkJe, CTI^CL (which see). This reaction is of special 
intere.st and importance, as ithel|>s ns to understand the relation 
bet>veen aldtdiydt^ and alcohol. Ahudiol, as lias bemi shown, 
is the hydroxide of ethyl, (’JI^.Oll. When oxidized it loses 
tw^o atoms of hy<lr<^<j:cn. Is the hydi’oy’cn of the hydroxyl 
one of the two wiiieh are given olf ? If so, wliat readjustment 
of the oxygen takes place? Such are the quevStious which we 
have a right to ask. 

To understand tlic a(*tion of |)hos])horu,s pentaehloride on 
aldehyde, it will be, mu'essary t.o eonsi<]cr Ijfielly tlu^ acti<jn of 
this reatrent in general iq)on compoumls containing oxygen. 
When il^is ]>roiight in contact with waituq tlu^ lirst change is 
represented by the equation 

ILO + V{% -- + 2 11(1. 

Next, the oxiclilorid.-, I’OCl.:, is !irtc<l upon 11hi8 : — ■ 

;i ILO 4- FOOL = FO(OII),) + -‘5 IK'l. 

Or, expressing I'otii elninges in one equatifni, we have: — 

4 H,0 + PCL = m (011)3 + 5 HCl. 
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The phosphorus pontfichloride gives up its chlorine and takes 
lip ox 3 'gen, or ox\^gen luid li 3 -drogeii, iii iti place. This is t^e 
general tendency of tijc chlorides of phosphorus. 

Now, when a chloride of })hosphorus is brought together with 
an mIcoIiuI, tlic oxygen is r(*|)lMecd by chlorine, two atoms of 
{’nc latttu* for one of the forinei*, thus : — 

(UI,.()ll + PCI, CJCCI.CIH + POCl,. 

Ibit as hydroxyl, —O — II, is univalent, its {)lace cannot be 
taken Ijy two atcuiis of cliloriin^ and one of hydrogen, and the 
two ehlorine atoms ]la^ e not the power of linking the hydrogen 
to the (‘tliyl. lly<]ro(/hloric acid is given otT, and a conipouud is 
formed, which may 1 m‘ iM'gardetl as aleoliol in wliich one chlorine 
atom takes tlii! place of the hydroxyl. This is the kind of 
aMion whieli ta]^•(^s ])lav(* wlamever a chloride of phosphorus acts 
upon a compound containing hydroxyl ; and we hence make use 
of the reaction, for determining whether hgdroxgl is or is not 
present in a c(rni])ov nd . 

AVTicu aldehyde is trtaited with phos])]iorus ])entachloride, the 
action is entin^ly diftVnmt from that just described. Instead of 
a hydrog(‘ii and an oxy gen atom l>ei ng re[)laced by one chlo- 
rine, the oxiejen atom (done is replaced Inj two chlorine atoms: — 

(hipo f PCI. - cyc(d, + pocL,. 

If the explanation above otYered of the action of phosphorus 
penbiehloride on alcohol is cia reet, it folk>ws that aldclivde is 
not a hydroxy l eompomid. We can readily inHh*rstan4 why the 
oxygen atom slionld he i'ej)laeed by two chlorine atoms, if it 
is in com]>ination oidy with carbon as in carbon monoxide, CO. 
There is an essential ditjenmee between this kind of combina- 
tion and that wliich we have in hvdroxvl as C — O— H. In 
the latter condition the oxygen serves to (*onnect carbon wtlh 
liydrogen ; in the former it is in (‘ombination only with the 
carbon, and, j)rcsumably, the force which holds it can#also hold 
two atoms of chlorine or of any other univalent element with 
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which it can unite. So that, if oxygen is in a compound in 
She carbon monoxide c-ondition. we should expect it to be re- 
placed by two atoms of i*h!oriue when the com}K)und is treaU'd 
wdth phosphorus pentachloridt\ l.el ]\.(’0 re{)Veseiit arjy such 
eom|K)Uud ; then we should have : — 

ItCO I'C h -- ItCX’b p TOCl, ; 

while, when oxygen is preseiit in the hydroxyl condition, we 
have : — 

H.C-O-H -f- PfU == R.CCl + POCl. -f HCl. 

Just as tiu- latter reaction is nsctl tv> deitad the }»t'est‘nce of 
liydroxyl oxygen, m) llu^ former is used to oxygen in the 

other condition, which is commonly know n as the rarhonyl con- 
dition. 

In terms of the valeiiee liypotiie^is. it is said tliat in the 
hydi;oxyl coin|>onnds oxyg<‘n is in combination witli carbon with 
one of its atlinities. and with hy<]rogen with tlie otlier, wliile in 
the earlionvl eomj)oiinds it is in eoinVfi nation with carbon with 
both its atlinities as re|)re<i‘nUMl thus, ( ‘^ (). 

Aeeoi’ding to the above reasoning a]<i(‘]iyde is a <*arb(>nyl 
compound, or it contains tlu* groii}>('(). Tiu‘ siin|>iest alde- 
hyde must therefore be rej)res(*rited by the formula, 1L>(' (). 

Its homologucj aeeti<‘ aiiiehyde, is ( tts.C tf. The })e( uliar prot-- 
erticB of aldehy;le are };elit?ve<I lo lie due to the presenee of this 

O 

group, C — If, w'hieh is (allied the ahhdjydi* grouf). We do not 
know that the double line in the formula conveys a correct idea 
in regard to the relation b(‘twa.*en the carbon and oxygen. All 
that we know is that these two elements do occur in tavo dif[(*r« 
#nt relations to each other, and the formulas C — 0 — M and 
C = O rc(!all these relations. They «are expressions of facts 
established by experiment. Our notions in regard to these 
relations are largely dependent u[)on the reactions with the 
chlorides of photg>horus referred to above. 
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Chloral, trichloraldehyde, CCl.-OHO. — When chlorine 
act8 (lircctly upon aldeiiyih^, criinplicfited ^n‘actioiiH take plage 
which need not lx? considiaed here. If,*h()vv(?ver. water and 
ealciinn earbofiate are j>r(‘s<‘!it, suhatitntion takes place, and 
^/•n7//omA/eA?/de is foinin^d. When ah'oliol is tr(Bited with 
chlorkie, a double action takes j)lace : 1st. The alcohol is 
cliangcd to aldt^hyde thus: — 

CIL.CIUJH -f Ch == (TL.( OH + 2 HCl. 

Then the (Tilorine a(*ts upon tln^ ahh'livde, r(‘|)laeini< the three 
hydrogens the inethyb forminif tri(*hloraldehyde : — 

( H,.CUll -t- bCl ('( !,.( OH 4- ;niCL 

Iti reality tin* aldehydt* (Irst foruKal acts upon the alcohol, 
tV)ruiing an inteniKMliate product whi<‘!i is acted upon by the 
chlorine. T1a* eiiloritK* pnuluet thus fonued bnaiks up, forniiug 
cliloral. d'he essential features of tin* reaetion. however, are 
stated in tiu‘ aliove ( (juations. 'rriehloraldehyde is the sub- 
stanee eommonly known as ehloi’al. It is simply the tri-ehlo- 
rine substitution product of ahhdiyde. It has all the i^eneral 

propertit‘s of aldehyde, and the eonclusioii is therefore justilied 

• o 

that it eontains the aldehyde i^-onip ('ll. 

Chloral is a (olorlcss liquid, whicli lunls at itC. and has the 
specitii? mavity l.b. 

Notk I'OR S ri Di.NT. - ( d vr the formulas of compt)umls formed 

wbeu cliloral is lirouahl toixetlu r with ammouiM, hydrocyanit! acid, and 
the acid sub)hitcs of the alkalies. What is tlic formula of the acid 
formed by its oxidation? The answer is <»iven in ilte statement that 
the ijrencral chemical conduct of cliloral is tin* same as that of aldeliydc. 

When chloral and watt'V are brought together, they unite tc 
form 11 crystallized eoin})ouiub ('hlond hjfdnitiu c,rici;,b + ifo, 
which is (xisily soluble in water, and crystallizes from the solu 
tion iu beautiful, colorless, mouodinie prisms. It mdts at46'’. 
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Taken internally in closes of from l.n to o*', it |)ro<luces sle4>. 
In larger closes it acts as an ana'sllu'tie. 

* When treated wfth an alkali, cdiloral and (*hloral liycirate 
break up, yielding chloroform and formic acid : — 

C( i,*eOH + KOH == ( IK k 4“ KClKh. 

C'bloraL C'hbuoforin. 

fornutl**. 

This reaction, taken together with thosi* winch give chloral 
from alcohol, enal ‘les ns to understand the; reaction which is 
used ill imaking chloroform and iodoform. 

No rn Fou S'rin>RNT. — How is cliloroform niiule? Mow is the met hod 
explaineiiy Answer the >anie (jia stions i\jr io<loform. I'he bleaching 
powder used in preparing ehlorofonu furnishes chlorine. Is an alkali 
[) resent 'r 


I. A( ri>.s. 

When methyl ami ethyl aleoliols are oxidize<l, they are con- 
verUal lirst into aldehyiles. and tluai the aldehydt's tak»' up 
oxygen and an' converted int(» aeids. A'ln' reiations in eompo* 
sition between tin* liy<lroearl)ons, alcohols, aldehydes, and aeids 
are shown in the subjoined talde : — 


Hydros arbons. 

Atcohoin. 

.VJtbhyfk'jj. 

Arid»» 

CII 4 

Cl 1,0 

CILO 

( IL(\ 

CjHg 

( JI,0 

(bll^O 


etc. 

eUn 

etc. 

eU*. 


The two at'ids whose formulas are hen* giva ri are the well* 
know'D snbstunees, for/ntc and oce/.fc 

Formic acid, — Tliis acid fM*curs in nature in red 

ants, in stinging netth's, in the shoots of some of tlie varieties 
pine, and (dsewhere. 

It can be prepared by distilling red ants, hut is best prepared 
by heati^ig oxalic acid with glycerin. Oxalic acid has the 
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(Kfmposition represented by the fonmila When heated 

in glycerin, the effect is to break it up into carl)on dioxide and 
formic acid : — I 

CyisO, = CO, + CHA- 

The fonnic acid distils over, and can be condensed. 

Experiment 10. Into a llask of r>00 to (JOCKc capacity put 200 to 
anhydrous glycerin, and then add r>0 to 40^^ crystallized oxalic 
add. Connect the llask witli a condenser, and insert a thermometer 
through the (;ork so that the bulb is below the surface of the glycerin. 
Heat gently. At 75' to 90 \ carbon dioxide is evolved. Kaise the tem- 
perature gradually to 112'-*- 115^. When formic acid no longer distils 
ovei\ add another portion of oxalic acid, and heat again. This opera- 
tion may be repeated a number of times without renewing the glycerin ; 
but, when about 100^ of oxalic acid have been decomposed, enough 
fonnic acid for the puri)ose will have been formed, and collected in 
thd receiv('r. Dilute the distillate to al)out half a litre, and, while 
gently warming it in an evaporating dish, add freshly precipitateil and 
washed copper oxidt' iti small quantities until no more is dissolved. 
Then filter, and evaporati^ the sohition to crystallization. The beauti- 
fully crystallized salt thus obtained is copper formate. 

The formation of formic acid hy oxidation of methyl alcohol, 
and by treatment of chloral with an alkali, has already been 
mentioned. The followiiig methods are of special interest: — 

(1) By the tiction of carbon monoxide upon potassium hy- 
droxide : — 

CO -f KOII -= n .00, K. 

• 

This method can be used for the preparation of formi<*acid on 
the large scale. Soda-lime acts as well as potassium hydroxide. 

(2) By the action of metallic potassium upon moist carlx)n 
dioxide (carbonic acid) : r~ 

2 CO, + Ko + H2O = HCO2K + HCO3K, 

2 CO3H2 + Ks ^cHCOaK + HCO3K + H^C. 


or 
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(3) By Irealiiu'iit uf ;i .solution of ainiiionium tnirboiiato witii 
'jotiimu iuiialgairi : -r 

C0,(N!r,)2 -f - IK’()o(NH4) + 1120 + NII^, 
and + NaOll - IlCiXNu + NIL, + HoO. 

Aecordiii^’ to thes*.* two uietljods fornne neiil :ip[>eMrs iv>^ m 
rodiiction pro<luc*t td i‘:irhuni(‘ :n*id foniUMl l>v the abstraction <^>1 
one atom of oxygt n : — 

lU (V, . V UX'ih 4-0. 

It is extroraely important to bt^ar tlii'^ fu<*t in mind, as it is of 
<^reat assistance in mahlintr ns to umlcr.staml th<' relation cxist- 

ir ' 

ino lictwcen the two ;u'ids, and laOwiam t hrin and all othi*r ticids 
of carbon. It will ]>e shown that all the aeids of cMrb(.m may 
be rciriirded as d(‘rivatives of citln^r formic acid or cairbouic 
acid. 

(4) Wlien liydrocyank' acid is left in tin' [.in'scnce of an acid 
or ati alkali, it bivtdcsjpo tormina ammonia and (bnnic acid. 
Tlie reaction may lie represented tlms : — 

IK N 4- ILX) :: lU ih 4- NIL;. 

Of tajurse, if an aehi i- pt e>ent. the annnoninm .'^all of th«‘ acid is 
formed; ami. if an alkali is pia^sent, the formate of this alkali Ls 
forTiicd. ■v'l Tt'H.' f sriH.tld}' to //ecs' is e.N' d rvi'tt ^./de/cs/ce/v/ in tin- 
prepoyotlofi of the (V'itis of ro rtton ^ as will be shown. 

Anhydrous formic acid can be made l>y dehydrating either 
the eop'per or lead salt, and jeissing dry hydrogen sulphide over 
the salt placed in a heated tul>c. Tin- acid distils over, and can 
be (d>tained peidcetly pure by placing ti little (d tlie anhydnnis 
salt ill it and redistilling. ‘ 

It is a colorless Ihjuid which boils at It has a |)ene- 

trating odor. Droiiped on the skin, it causes extreme pain and 
produces blisters. Its specitic gravity at O' is 1.22. When 
cooled down it solidifies to a mass of crystals which melt at 8.6“ 
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Concentrated sulphuric acid decofn[>ose8 it into carbon mon- 
oxide and water ; — 

HoCO, = CO -f 11,0. 

• 

It is easily oxidized to carltonic, acid. Ihuice it Vets as a 
reducing agent. Heated witli the oxides of mercurjy' or silver, 
they are reduced to the iiietallic condition : — 

HgO -f IL( O, = Hg -f ILO 4- COo. 

Like other acids, formic acid yields a larg(^ nnniher of salts with 
bastes, and elliej-tad sails or compound ethcj's with the alcohols. 
These fh‘rivativ(*s neial not be considered here. The salts are 
all soliil>le in waba-, and sonu* of them, as tlie lead, copper, and 
barinm salts, crystallize wvy well. Some of tiie compound 
ethers will be mentiomal when tln^se sultslanees are considered 
as a class. 

Acetic acid, C-HiO,. — 'rive two nietliods by which acetic 
acid is exclusiA ely mad(' are, — 

(1) By the oxidation of aleoho] ; and 

(2) By the distillation of wood. 

When pare alcohol is exjvosed to tlie air it undergoes no 
change. If, however, some platinnni blaek is placanl in it, 
oxidation takes phn (‘ and a(*etie a(‘id is formed. So also if 
fermented liipiois whielv contain nitiogenous snlsstances are 
exposed to the air, ((xidat ion takes |)laee, and tlie livpior becomes 
sour in conse(pitm('e of tiu* formation of acetic acid. great 
deal of acetic acid is imuh' by exposing poor wine to the action 
i‘f the air. Idic jirodiu t is known as y oev/or. Tlie for- 
mation of vincgai’ has been sliown to Ive due to tIu' [vresence of 
ufKaoscopic oi’ganism ( .f/yeodc/vaa an If) eommcmly known as 
mother-of-viuegar.'’ lliis serves in some way to convey tl» 
oxygen from the air to the alcohol. The ‘‘ quick- vinegiir 
process,’' mneh used in the manufacture of vinegar, eonsists in 
allowing weak s[>irits of wine to pass slowly through barrels 
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filled with beech slinviiigs which have )>ecoine covered with 
Mproderma aceli. t'he pn^Hcnce of the organ iBiii is secured by 
fiiist pouring strong vinegar into the Imrrels, and allowing it to 
stainl for/>ne or two days in <v)n(:i(*t witli tiu* simvings. 

When wixxl is dislilleiK a verv coin|j|e.\ mixture pusses over, 
one of the eoustitiuuitvS l)eing acetic iicid. l»y keeping the teni' 
perature <h)wn coin|>aratively low, the amount of acetic achl 
obtained is increased. Tlie distillate is neutralized with soda 
ash, and the solution of crude sodium acetate thus obtained 
evaporated to dryness. It is then treated with sulphuric acid, 
and distilled, when acetic acid {)asscs over. 

Besides the two methods rnentionc<], there are tw'o others 
which may be used for making acetic acid. One of them is a 
modification of a method rcfcrre<l to under formic acid, and, 
from tliC scientific point of view, both are of great interest. 
They are, — 

( 1 ) By treating earlK)n dioxide with a corn[)(>nnd known 
as sodiirnt-raethi/L w'hich may be regardinl as marsh gas, in 
which one hydrogen is rejdaced by sodium as shown, in the* 
formula CH^Na. 

CO 2 + CH^Na =. CH,.C(),Na. 

(2) By treating methyl cyanide, CII 3 CN, with an acid or an 
alkali ; — 

CH3CN + 2 ujo - on,. CO, 11 + NH3. 

This reaction is analogous to that involved in the formation 
of formk‘ acid from hydrocyanic acid (see p. 5G). 

Whether the acid is made from alcohol or from wood, it must 
be purified. For this purpose it is passed through charcoal and 
distilled. It still contains water, from which it cannot be 
completely separated by distiilatiou. Wiien cooled down to a 
stocientiy low temperature it solidifies, and the water can 
then partly be jKmred of!'. By repeating the freezing, and 
distilling a few times, perfectly pure, aaiiydrous acetic acid 
can be obtained. 
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Experiment 17. Make pure acetic acid from the commercial sub- 
stance. First distil ia fractions until a portioujis obtained that boil? 
between 110^ and 119®. Put the vessel conUiining this in ice. Tlie 
liquid will solidify almost completely. Pour oil* the little liquid whieli 
reinaitis, and distil. • 


Acetic acid is a clear, colorlcH.s liquid, which hoiks at 119^. 
It has a very jienetratino , |>leasant, acid odor, and a sliarp acid 
taste. The pure snbMance ads upon the shin like formic aciff 
causing pain and raising blisters. It solidilics when corded down, 
and the crystals melt at I'he pure acid which is solid at 

temperatures below is known as glacial acetic acid. Its speci- 
fic gravity is l.h8 at 0^. It mixes witli water in all proportions. 

Acetic acid is extensively used, chiclly in the dilute, im})ure 
form known as vinegar. Formic acid would answer ]>erhaps as 
well. It is used in calico printing in the form of iron and alu- 
minium salts. AV'ith ii’oii it gives hydrogen, w liicii is needed in 
the manufaiduie of certain (‘umpounds used in making dyes, as, 
for example, aniline, it i.s an excellent solvent for many 
organic^ substanees, and is therefore frecjuently used in sei- 
eniifKt res(‘arclu‘s. 

iJerivcUires of aretic acid. Acetic acid yitdtis a v ery large 
nuinbor of derivatives. They may lie consid(‘red In ieliy under 
two heads: (1) Those which are formed in consequence of the 
acid [)ropertics and vviiieh necessitate a loss of the acid proper- 
ties, us the salts, ethereal salts, etc. ; and (’2) those in wdiich 
the acid propmties remain unch.angcd. 

/Salts of acetic acid. The acetates of the alkalies were the 
first compounds of carl)()n ever [)rtq)ared. d'he potassium and 
sodium salts are usial in the chtunical laboratory. Both crystal- 
li^-e, the sodium salt parti^’ularly well and easily. 

Lead acetate, This .salt, which is commonly 

know^u as snga^r of leads made oii the large scale by dissolA^- 
iug lead oxide in acetic acid. It crystallizes well, and is solu- 
ble in 1,5 parts of winter at oixiinary temperatures. (Commer- 
cial sugar of lead frequently contain.s an excess of lead oxide in 
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the form of vsaltH. A sol at 100 of siicli u lulxture l)econu‘s 
ttrhid when iilloweiitto stand in tiie air, or gives a t)i'e<n|>itut<' 
when tii.'^solved in ordinniT spring water, m eonseqneiiee of the 
formation of lead earlxmate. 

Copper *a*:Ptate, (C\iriE);;Cu. Tliis salt ean he made hy 
dissolving eop[)er hydroxide’^ or earhonate irt aeetie aeid. It 
crystallizes in dariv-l,'lif(\ transparent jn-isms. A iKisk arppitv^ 
formed l»y the action of aci^tic in-id on co[>per in Mie air, is 
knowni ns nJi^jne, 

Ci>pp*o' a4U:tft-((rsenit<\ *1 CnAsA)^ -f* Thi.s double 

salt is formed l>y I'oiling venligris and arsenic irioxidt* together 
in wati‘r. It has a fine l>i ight-gieen color, and is n.S(*d as a 
coloring matter. It is tie* ohlef (‘onstitinmt of emerald green, 
or Schweinfurt’s grta ii. 

Iron f*,)!'!!]" two dL>tiiH-t salts with tnadic acid, the Jerrovn 
salt, 4* 1 tlH‘ /i'/v'o; salt, ((bH ;eb)ohX>. 

The latter i.s fonncil when sotlinin aeeiaO* U added to an neidi- 
fual solution of a ferrle salt. At the solution becomes 

deep-red in c<:»h>r: but, on ln'lliug, all the iron is pr(M‘ipitate(1 
as hydroxide. Hence this salt is n.sed for the [)nr[K)8e. of*^ .seini- 
rating iroti from manganese^ in analytieal o|)erations. 

Kx|>erinieiit IS. To a flilute solutioa of ftaaie eliloride, ('ontaineO 
in a small llask, add a htM«- ^nlpliurir acid and a hohition of sodium 
acetate. Boil the red solution, and ferric liy<lro\ide is {tnadjdtated. 
leaving the solution colorles.s. Filter, and (axainiuc tin- tlU.raU' for iron. 

The etliereal salts will })e numtioned briefly wlnm tlii.s cbtss 
of compounds is considen*d. The prineit'rd one i> wefide 

ov aceto' efhf')\ which is forfmal from aceti(‘ acid at)d ordinary 
alcohoL When a mixtnn? of flu‘se tw<a substr»n<"*s is treated 
with sul})hnrie .acid, tin* etlier is formed .and can l>e r(ax>gnized 
by its pleasant odor, ddus fac/t i.s taken advatitage of for the 
dMectioii of acetic acid, ' 

Experiment 10. To a mixture of about equal parts of acetic acid 
and alcoh^jl, in a testd ntH% add a little concent rated sulplinric ackb and 
notice the odor. It is tiiat of ethyl acetate or acetic ether. 
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Acetic anhydride or acetyl oxide, C 4 H.O;.. — 

Htant'Ci, whieli bears to acetic acid the relay on of an anhydride, 
is inade by aljstriudin;^ water fi'Oin the. aci(f. 

2CJr4< b CJME + lU). 

I/ike oilier acids, acidic aci<l (‘oataitis liydroxyl, as will lie 
shown Ix'low. VVd‘ may henc<‘ repn^sent the acid thus : 
CJf/).()IL The part ( ^ known as acetyl. Noat when 

water is abstraeled from tlie am'd. the eiian<jfi‘ takes place as rep- 
resent'd in this equation : — 


cyidi.oH ) _ (bif/) ) 
Cn,pA)U S “ CAlp ) 


0 q- TLX). 


Monce, aecordinjj: to this, a(*(‘li<‘ anliydride a|)])ears as the oxide 
of a(*etvl, wliile the aiad ikself is tlie livdi’oxidi'. 

m ^ ' 

Acetic tinliydridi* is a colorless liquid A^hicli lioils at 138"^. 
Witii water it < 2 :ives acetic acid. 


Acetyl chloride, C.H,^OCL \ Just as alcohol, when 
Acetyl bromide, C^HaOBr. tnaited Aviiii j)]iosphorus tri- 
Acetyl iodide, C.HaOI. ' chl<.»ride, yields a eliloride of 
etiiyl, so acetic acid, whim treated with tlie same reaL^ent, yieliLs 
aci'tyl chloride. I'he character of the reaction is the , same in 
both cases. It consists in the replaeemeut of hydroxyl by 
I'lilorine. 

3 (AIM). on 4- ITI, rrr JttlMH l + r(()Il),. 

Kx|)i‘rfin(‘iil 20. Arrauirc a J/ 7 / dist jllina Hask, wiilt comicnser and 
Jr/y receiver, inuler a hood or t»ut of doors. Briiiix toircther 9 parts 
(say ISOs') stn»n,ir acetic acit] and 0 parts (say lliOK) pliosphorms tri- 
chloride, Sliahtly heat the mixture on tin* water-bath, wlum acetyl 
chloride will distil (♦vcr. Collect in a dry bottle. 

Acetyl chloride is a colorless liquid which Ijoils at 
AVater ai'ts ntion it very rcatiily, acetic and hydrochLiric acids 
beinpf formed : — • 

(UMX I T iw -- CM:P-OU + HCl. 
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la tins case tlie chlorine is replaced by liydroxyl. As the sub* 
sthnee is volatile, it fumes iii contact the air in (jf)nsequence 
of the formation of hydroclilorie aci<l. It must be kej)t in 
tightlv-stop[>ered iH)ttlcs, la handling it, taire must be taken 
not to bring it near the iK»se, as its odor is verv sutfcx-'Uting, and 
it attacks the mucous mcml»ram‘S of the t‘Y(‘s and nose, produc- 
ing coughing and other bad results. 

Acetyl chloj‘idc is a valuable rt^agtml much used in the exam- 
ination of (ompounds of earbon. Its value depends upon its 
action tow a ixLs alcohols. When it is brongjit together with an 
alcohol, as. for cxanqjh'' niethyl alcohol, liydrtx liloric acid is 
evolved, and the acetyl gionp takes the place of the hydrogen 
of ttie aleoliolic liydroxyl : — 

CM, .Oil 4- CJMXT = CHa.O.CJM) -f IICl. 

The pro<hiet is an (dhereal salt, methyl acetate. This kind of 
action takes |)laee \vhene\ er an alcohol is treated with aoetyl 
chloride. lienee if. on treating a substance with acetyl chloride, 
its com])osition is changed, showing that hydrogen is rc))laccd l)V 
acetyl, we are justified in concluding that tlu* substance eontiiins 
alcoholic hydroxyl. Tlu^ Inoinide and iodide lesemble the 
chloride very closely. 

Ex peri flic fit 21. 'f rts-it a few euha* ceiitiinetres of alcuho) 

with acetyl chloride. Notice the evolution of hydrochloric acid and 
the odor of ethyl acetate. 

SuhMitf^thn-j/rod^^^ of acfdic add, Thes<‘ liear the .sanu^ 
rektibn to acetic acid that the substitiition-produets of marsh 
gas bear to marsh gas. Tiicy are forrmal by the sirniile sub- 
stitution of a haU»gen, etc., for hydrogen. Only three of the 
four hydrogen atoms of acetic acid art» e; 4 >ablc of dii'ect; 
refJacemer t. The fourth is tlie one to which the mad prop- 
ertie.s are due. Hence the .sulistiUition-produets are acid. The 
best kno>\^n of these products are the chlor-aeetic aeid.s which 
are made by treating the acid with chlorine. They are 
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mono - cMor - acetic^ di - cldor - acetic^ and tri - chlor - acetic acids. 
Their formation ib represented ))y tlie follciwing e(|uatioiiB : — 

CBp.Oll + CL == tLICClO.OH + HCl; 
CJLOIO.OH + CL - (yiCLO.OH + HCl ; 
CyiC'LO.OJi -f Cl, (U'l, 0,011 + HCl. 


When treaUal witli nascent hydrogen they are converted 
back into acetic acid. Tliey yiOd salts, (‘thereal salts, anhy- 
drides, etc., just the same as acetic acid itself. 

Theory in regard to the relaiUms het^ceen the acids^ alcohols^ 
aidehydes, and, hydrocarbons. The reactions and methods of 
formation of acetic acid enable us to form a clear conception in 
regai*d to the relation of its constituents. In the first place 
the presence of hydroxyl is shown by the reaction with phos- 
phorus tricliloride. We heiice have 0,11/). 011 as the formula 
representing this idea. But several rpiestions still remain to be 
answered. Thcn^ is another oxygen atom to be accounted for; 
and the relations between the hydroxyl and tliis oxygen must 
be determined if possible. The fact tliat this second oxygen 
is not readily n'phiced l)y chlorine indicates that it is not 
present avS hydroxyl, and all methods of t(?sting for hydroxyl 
fail to show its presence in acetyl chloride. Hence we may 
conclude that the second oxygen atom is present as carbonyl 


O 

1 ! 

CO.* This leads us to the formula II -- C ~ O — 11 for the simplest 
acid, or formic acid. Aceordingiy, formic acid a4)pears as 
carbonic acid, wliich we commonly i't‘present l>y the formula 


O 


C 


ill which oiKi hydroxvl lias been reduced to hydrogen. 


We have already seen tliat this rednetion can be accomplished 
without difficulty. Many other arguments might be brought 
ftirward in favor of tlie view that tlie above formulas express 
the relations }>etween formic and carbonic acids, t No>v, as 
acetic acid is the homologue of formic acid, Ave have every 
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reason to belie ve that it ditfers from the latter iu tlint it eon- 
tafiis methyl in place of the hydrogen, which is iu direct com- 
biiiiitiou with carbon. It must hence be represented by the 
o 

formula OlL.C - C)H or OO ^ 'rhe (’oinmofi constituent of 

^oll 


o 

\\ 

the two acids, is the gi oup (^-o > H or ('o.oH, which is gener- 
ally knowii as rurboxf/l. Acetic a<‘id is closely relaltai not otily 
to formic bat to carbvehi* acid. It may be ri'gardtMl as cariK>nic 

acid, (ao : in which one livdroxvl is rcplacetl bv tlic radical 

'OH 

nudliyl. In a similar way wc shall sci^ that all organic acids 
may bo nvgarded as derivcrl ihthcr from formit; acid or from 
eaiix>nic acid. 

Kepresenting ie>w tlu* simplest hvilr<K'ai'l>on. alcoliol, aldc- 
h^'de, and acid, by tiic structural formulas (h-duced from the 
facts, we have 


f a 

\ 

r on 



r i a 

1 

‘i 

1 n 

,,r' 

oil. 


1 n 

II 

' II 

1 

^ H 

' ii 

' II 

ilurfth fiati. 

\J ethyl uk'ohoJ, 

!*'onni** 

al<ie}jyU<-. 

Fornue iK'jd 


Concerning the meejjanism of tie* change's (•aiis<Tl l)y oxida- 
tion, but little can bi' determim-d by cxj|H‘rinn Mt . rimy 

regard nn?thyl alcohol as the first rmd simplest product ot 
oxidation of marsh gas. Starting with methyl alcohol, ue 
might expc<‘t the next cliuuge to consist in the introdmdion 


of jiiiother oxygr n atom. 


giving u boily c 


OH 
OH 
H * 
H 


But it has 


been found that, excef>t under certain pcaniliar conditions, 
one carbon atom cannot: hold two hydivrxyts in combiiialion, 



lIELATIOiNH BETWEEN EOMIHB'NDS OF CAliBON. 65 


aiul thjit, if such a hodv foriu(*<L it 1 os(‘j^ tire elements of 


wafcer; thuB, C 


on 

n 

n 


< ■ i u 


- The rcHiilt would be the 


aldehyde. This kiixl of is illustrate<l in the formatiou 

of earbou dioxid(^ from ilie salts of earhoiiie aeid. lusteud of 

gettiug the aeid wliieli we should naturally expect, we 

get this minus watm- : — 


( X) < 


on 

on 


rr= CO, + n,o. 


Now, wbeii tlie aldehyde is oxidized, anothei' oxygen atom is 
introdiieed, and the siibstanee tlms |>rodnee(i h an aeid, or the 
hydroxyl hydrogen eari l)e 7 ’e|)laeed by metals, and has in general 
Uie (^haraeb'rist ies of aeid hydi'ogen. As soon as we haA C car- 
bon in eombinntion with oxygen as ('arbonyl, and also witli 
hydroxvl, tlie sub.stanee eontaining the combination is an aeid. 

If, finally, tlu* acid r jOII is oxidized, it is pi'obable that the 

f o 


saim* ehange takes phu^e as wlum tlie al<*o]jol is oxidizid. That 
is to say. the liydmgen is probably re{»laced l\v hydroxyl, when 
a eoni[H)nnd containing two hydroxyls in combinatioii with one 
carluM) atom would lu' the n^snlt. M'his would be ordinary car- 
bonie aeid. l>ut tliis breaks up into w ater and earbon dioxide, 
wiri(*li, MS we know, are Um produ(*ts of oxidation of formic 


acid. 

# 

All tlu‘ many iH’prcscntatives of tlie gnad classes ^)f (au'bon 
eompounds known as the alcohols, aldehydes, and acids are 
(*loselv r(‘laled to the tliiaa* fnndanuaital substances, methyl 
jdcohol, formie aldehyde, and formic aeid. Keplace one of 
the liydrogen atoms of inetbvl :deoiiol bv a radical, and we get a 

('h' 

mnv alcohol, whieli may be represented by the formula C f jj • 

# I B 

So also a similar replacement of a hydrogen atom in fonnic 
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aldehyde gives another aldehyde, C.|h; and, finally, as we have 

^ • i u 

seen, the Jicids of cArbon may be represented by the foriaukis 
C { on or'H.Ci tOH, or C() < , whieh slunv their relations to 

In 01 * 

formic and carbonic acids. Hereafter, in writing the formulas 
of meinl>ers of Mjc three jj^reat classes, tiu‘ structure will be iH^pre- 
sented by writinur the hydroxyl gronj) ()II, the aldeltyde group 
CHO, ami tlie carboxyl group CO. Oil or CO2H. separately 
from the rest of the fonniila. 

o. KniKKK.vn Salts ok CoMcot Ni) Etukus. 

Wlienever an M<‘id acts ii[)on an ah'ohol, the acid is neutralized 
either wlmlly <>r partly, tuid a |>roduet amdogotts to the salts^is 
formed, 'liius nitric ueitl and ethyl aleohol givt^ ethyl nitrab^ : — 

CbH,.OH 4- UNO; (blC.NO, -f ILO, 

just a.s nitri(‘ aei<l and potassium hydroxide give potassium 
nitrate. It has l»een |)oint<‘d out that the radicals, imdhyl. CIIi, 
and ethyl. take the })art of imdal.s in tht; (‘there, al salts. 

We can thus get a .seri(‘s of methyl and ctliyl salts with tlu^ 
various acids. 

As r(‘gards tlie jireparation of these com|)Ounds. it should be 
remarked that the action lH*twe(‘n an air*oho] and an acid does 
not take place as readily as that between an acid and a metallic 
hydroxide. Only a few of the strongist :u‘ids act dir'eOly 
without ftid. vSuch, for example, are nitri(‘ and snl|>hnnc acids, 
though even the latter is not completely nentrali/a*d by action 
upon aleoliols. us lias already }>een seen in tin* |>reparation of 

ethyl-sulphuric acid, ^ > SO^, for the'pur|K)se of making ether. 

l%inj\' ethyl-sulpliurie acid is an acid ethereal salt, analogous 
U} acid potassium sulphate. Both are still acid, though both 
are likewise salts. 


€ 
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^ The rncthoclH wliich may be used for preparing ethereal salts 
are tlie following : — ^ 

(1) Treatment of an acid with an alcohol. This is capable 

of only very limited a[)j>lication, as in tlie case of a few of the 
strongest acids. • 

(2) Treatment of the chlorides of an acid witli alcohol. This 
has l>een illustrated by tlie action of acetyl chloride, CbHsO.Cl, 
upon method alcohol (s{h* p. r>2) : — 

C,IL()C1 -f IIO.CH, aiI,().OCIl3 + HCl, 
or ( Il^.COCl -f IlO.Cir, = CIL;.C()()CH 3 4- nci. 

(o) Treatment of the silver salt of an acid wdth a halogen 
siibstitniion>}>rodiict of a hydrocarbon. For examj>le, ethyl 
acetate can be nnule by tr(‘atiiig silver acetate with brom- 
ethane : — 

rir,.(‘0()Ag + CJhnr ^ Cirx tKKbll-, AgBr. 

This reaction is well adapbal to showing tin* ndation betwemi 
the salt and tin* (‘tlaaval salt, and leavt‘s no room for doubt that 
the two are strictly analogous. 

(4) Treatment of a mixture of an alcohol and an acid with 
dry hydrochlori(‘ acid gas or strong sulphiirie acid. The forma- 
tion of ethyl aectate by this method was illustrated in Experi- 
ment 10, p. (JO. The sul[>}uiric acid facilitates the action by 
uniting with the alcohol to form ethyl-sul})huric aeid, wdiich with 
the acad gives the etlua'cal salt : — 

4- C'le.COOII = CII,,.COOC,H, + IlfSO,. 

It is probable that the hydrochloric acid first acts upon the 
acid forming the chloride, and lliat this tlien acts upon the 
alcohol, forming the ethereal salt: — 

FH^.COOn 4- MCI = CH,.COCl 4- H^O ; 

CH^.COCl 4- = C Hjj.COOCjilli 4- HCl. , 
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Among tlie more impoi tant ethereal stilt.s of iiiothvl and ethvl 
alcohols, tiio foll(Jwi»)g may l)e mentioned : — 

CU' * 

Methyl-sulphuric acid, ^ formed bv inixiim 

c -W. 

methyl aieohol and siil[)lnjrie ueid. I'he a(*id itself, as well a,s 
its salus, ij? v^TV easily soluble in watiu*. 

Ethyl nitrate, C.H-NO., formed by irtavtiiig idt-ohol with 
nitric acid. I'nless precautions an‘ taken in mixing thesis 
reagents, comj)h‘tr‘ deconij»i)Hition ofth*' ah'oljol will take place, 
and the aetion will be accompanied by a \ ioleiit explosion. 

O H' 

Ethyl-sulphuric acid, '^ g“>SO,. M atle in the same way 

us the metityl compound. dMtc acid and ihs salts are easily sol- 
uble ifi water. \N'h(ai boilal with water it is dec<nupo8cd, 
yielding aleolad ami sul{>iinri(‘ aciil : — 

^ ^11'. - so, -f- Hd) = llSO, + { ,H,01I. 

Ethyl sulphate, (G>Hr,)..SO^, is made by {lassing Hie vapor 
of sulphur trioxid' int4> well-<‘ooled ether: — 

(( ) SO. ((’dl,),SO,. 

Phos|i}ionc acid yi(*lds t floff phosph'ite. ( ( ' .H , )d (li-t tfniJ-phofi- 
phork fpid, PO4, x\\v\ khff}.-ph(i'ij}lH)ii‘r oeA/, Cdl-JLlTb. 

'FIn*re also are similar derivatives of arseiiie. boric, silicit^ and 
other iiifiKTal acids. 

Of tlie ethereal salts which Die two aleohols form with formic 
ami acetic acids, mkhf/l and arvitUeH arc Ha* Ix'st known. 

I'lie metlaxls of pr(‘pa?'ing them have alreadv lieen c<insidered. 
Ihe y a|‘‘ l>oth bcjuids liaviiig |>lcasant odors, d'his is indeed a 
chariU'.tcristic ol* many of the volatile, cthercjd salts of the acids 
of carbon, and many of tiie oilors of fruits ami tlowcrs are due 
to the presence of one or another of these compounds. Many 
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of them alf^o iire iivsed for IlMvoriug purposes instead of the 
natural siilistanecs. 

Experiiiioiit 22. Make a iiiixlnre ot 15 parts (150^^) of ordinary 
concoutrated sulf^haric arid and t; parts ((W>') absolnte alcohol. Add 
to it id parts (100^'') sodiniii acetate. Distil fron^ a flask* Redistil 
the distillate. The etliyl actuate thus formed boils at: 77®. What 
reactions take place in ibis t‘ase? 

l)eA'omp(>siti<yti of (tflo^redl s(f/fs. Salts of most metals are 
decomposed when treated with an alkaiine hydroxide, as caustic 
soda or caustic potash, the result beino a salt of the alkali and 
the hydroxide <d‘ the replaced imdal, as s(‘eu in tlie case of 
(*o|)})er sulphate and sodium hydroxide : — 

CuS(h H” 2 NaOll -= ( -ulOH i o d- Na.jS 04 . 

So^also the ethm'eal salts are decomposed wlam treated witli the 
alkalies, though, as a rule, not as r(‘adily as salts. It is usually 
necessarv to l)oil the idhereal salt with the alkali wdien decom- 
l>osition takes j)la(‘e. tla' )’adieal, like llu‘ metal, appearing in 
the form of the hydroxidi^ <>ral(*o]ioI. and the alkali metal taking 
fts place, llius, when ethyl sulphate is treated with a solution 
of caustic' potash, tins rmteliou takes plac^e : — 

{( -f 2K()H KSU, f 2( ^1,. OH; 

and wlien ethyl acadale is treMie<i Nvitli caustic soda, ^ve have this 
reaction : — 

Cn,.C ()()( Jl, T NaOlI .. ( Ih.tOOXa -p 

Experliiienl 2.‘5. In a aOtr'* tta.sk put 2(Xr'‘' water, solid 
caustic potnsjj, and 20*' ethyl acetate. Connect with an inverted con- 
denser, urrantrod as shown in 8. Boil gently for Inalf an hour. 
Now connect the condenser w ith the flask for distilling, and again boil. 
Examine the distillate for i^lcohol. Acidify tin* oontonts of the flask 
with sulphuric acid, and again distil. What passes over? 

All etlmreal salts an* decannposed by boiling with the oatistic 
alkalies. As tins decom}K)sition is best known on the lar^^e scale 
in the preparation of soaps, it is coaimunly called sa/>oni/fccUio 7 i. 
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As will shown, tho luv otlioreiil sjilts. mid Hoap-makir»g 
in dtM-<>m[H>sinijr ihosn fats hy innaiiH of* Hu* alkalies, 
Ileiue. <>enta*all\ , lo* ,^apnntf)/ an elhoieal salt means to deooin- 
j>ose it hy means of an alkali into tla‘ (‘orrespoudinji alcoliol and 
the aikaliSalt of the arid (outaiiu-d in it. 



Kl lOM •' OK A< 1 H>M 

Whi*n an aeetat* i‘> distillecl, a licjnal pa-'se.'- o\ei whi<‘h has 
ih(* <*onipo.-ition ( IhO, and a eai hona I e remain-^ isdiind. I'he 
rea<‘tion has laam (‘and'ulh studied, and has Immsi vshowu to take 
place in a(cordanet* with the foih»wiuijr e.juation : 

( ^ ^ ^ 

'The snhstanee ( {H.P is known as It is tiu* l>eHt 

known r(*]»re'^<'ntativ e of a clas-i of l»odi«*s whi(‘)» aie sonietiuiOH 
called (tiotoftps, but more < oininonly lo foiH'i, 

Acetone, C<Ht,0. -I'his snbstanco Ims ion^ been known 
as a pnxhiet of the distillation of acetates. It is eoulaiuod 
in conbnlerable (piaiilitic‘b in the prodm't obtained in the 
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distillation of wood, and can be separated from the mixture 
after the removal of the aeetie acid, , • 

It can be purified hy siiaking a mixture containing it with a 
concentrated fiolution of mono-sodium siilpbitc. It unites with 
the salt, forming a compound analogous to that fdi’med with 
aldchjrde. The doulde compoimd can be separated, and whcB 
distilled with the addition of jK>tiissium car])onate acetone passes 
over. 

Acetone is a colorless liquid Iniving a penetrating pleasant 
ethereal odor. It }>oils at od.3'^. It is a good solvent for many 
carbon compounds, sucli us resins, fats, ct(‘. 

On studying the conduct of acetone, it soon becomes evident 
that it moi'e clos(dy re8eml)l(*s the alddiydes than any other 
bodies thus far considered. It is plainly not an acid nor an 
alcohol. It acts entirely ditl'ercntly from eitlun*. It is not an 
ethereal salt, for on boiling with an alkali it does not yield an 
alcoliol n(.)r the salt of an acid. On the other hand, it unites 
with the acid suli)hile8 like the aldehydes. Further, wliea 
treated witli |>hos[)lu)rus j)entachloride its oxygen is re[)laced by 
two cblorine atx>ms thus : — 


C,n/) + Vil:, =r= CTIoC'b + FOCIm 


and when treated with nascent hy(ln>gen. it is (‘onverted into a 
substance h,aving alc'oholic properties. These facts lead to 
the conclusion tliat the substance cpntaiii^^ eai bouvl, (X), as the 
.aldehydes do. I'his is shown in the formula CdlgCO. The 
formfition from caUaum acetate hauls further to the belief that 
the group CJlti really eonsists of two methyls, as thtf simplest 
interpr elation of the reaction i.s rej»rcsentcd thus : — 


CH,C ()0 .. p _ Clh 
cn/'oo * ciig 


CO + CaCOj. 


Ac(?ording to this, acetone is ti compound of two methyl grouf)S 
and carbonyl, or it is carbon monoxide \YlK>se two a-^'aHable 
atliiuties have been satistied by two methyl groups. • 
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We can test the correctness of this view l)y means of synthe- 
sm. If it is eoiToet, it will be seen that acetone is closely 
related to acetyl eluoride. It Js acetyl chloride in wliich the 
chloriiie has been ve}>luced by inetiiyl : — 

cii,.c'0.('i cii3.('().cir.. 

Acetyl chloride. Acetone. 

Now^ when acetyl cidoridc isTreattal with zinc mctliyb 7a\(CIL^).. 
it yields acetone m.eordin^ to tliis c*t|uation : - 

2C11..C0C1 4- Zn(Cnd.-=: 2(’H,d ().( FL + ZnCl,. 

Furtlicr, acetone can be madt* by treat! n <4 carbon inonoxide 
with sodinin methyl, a direct addition of two methyl groups to 
carbon monoxide Indn^ thus t^tTccted. The relation bt‘twecn 
acetone and ordinary acetic ahleliydt^ is lik<* that of an elliereal 
salt to its acid; that is, a(‘(‘t<»m* is aldehyde, in 

which the hydrogen has itcen replataai by melhyl, ( ’IF.d 

Like the aldchydtrs, the ae(‘t<me has the t>ovver <d* taking up 
other .substances, such as thv' acid snlphit(\s. ammonia, bydro- 
cyanic tu'id, hy<lr<>oeiu etc. 'This |)<»wcr is in some way eon* 
iiected w'ith the relation of the o\ygTi.ni to the eariam. whicli is 
the same in I'HJth <'Oin|)Ounds. Nevcrtheicss, this (‘omlition of 
the oxygen does not always carry with it lie* same j)ower as 
seen in the case of the acids which also contain carbonyl. 

By rednctioii with na.scimt liydrogcn, acetone yiedds an alco- 
hol of the formula (hlldL known as Siraudurif jtnyptjl alcohoL 
wliieli wlaai oxidized yields acetone. In other words, (lie' rela- 
tion !>etween this alcohol and acetone is inneh tlj(‘ same as that 
between ethyl alcoliol and acetic aldehyde. But while the ald(^- 
hyele by further oxidation yi<dd.s juetii; acirl by simply taking 
up one atom of oxygem, acetone is decomposral F>y oxidi/ing 
agents, and yields actdic tind carbonic^ acids. Towauds oxldiz* 
ing agents, thcig acetones (for it wdll be shown that other 
acetones conduct themselves in the same way) act entirely 
different! V from the aldehydes. Tlte alcohol above men tionecl 
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as relat(Hi to acM^tone is the simplest representative of a class of 
alt;olio]s (lilTeriiig in some respects froiujtlie substances com- 
monly called alcohols. 


Wij, have thus considei't'c] tla; itiost iin|>ortant r<^[)reseiitatives 
ot six <‘lass(‘s of oxygen derivativ(‘s of the hydrocMrbons, and, 
l>y a study of thi‘ir clHuiiical eomluet and tlie methods available 
for tludr preparati<>n, liave formed views in regard to the rela- 
tions between them. In our ordinary language* wi^ mav express 
these relations brielly ihus : Tin* aleisliols are tin; hydroxyl 
derivatives of the hydroearlK)ns oi* the hydroxides of eertriiii 
gron|)s called /ve/Zre/.v ; tin* tdhers aie tiie oxides of lliese same 
radieals ; tlie aldejiyd(*s uvv eompounds consisting of cnrlK>nyl, 
hydrogen, and a radical : the acids are eomjiounds of earbonyl, 
hydroxyl, and a radi<*al. or. ladter. tln‘y are carbonic acid in 
which hydrogen and oxygen, or hydroxyl, liave liecn r(*})hieed 
by a radieid ; the ethereal stdts are eom|)<>unds lik(* ordinary 
nndaiiie salts, only tliey contain a radicad in tin* |>lace of the 
metal; and, (inally. tin* ketones art* alth*hyd(‘S in which the 
distinct] \ fly aldehytle hytlrogen has lieen rejdaeiMl l>y a radical, 
or thc*v are (!om|R>uiitls consisting of carbonyl and two radicals. 

These ideas are expres.sed in formulas thus, R being any 


univalent radical 

lik(‘ metiiyl, ('IL, or etliyb CUJ, : — 

Alcohol 

, R-O 11. 

KthiT .... 

. R <) -R. 

Aldehyde . 

. R C 11. 


O 

Acid .... 

. K c O-Il. 

• H 

0 

Ethereal stilt 

. Ac™-() — R (Ac 1 1 representing any 


monobasic acid). 

Ketone 

1! 

o 



CHAl^TER V. 


SULPHUR DERIVATIVES OP METHANE AND 
ETHANE. 


1 . MkIH API ANS. 

Thp siinj>Iest d<‘ri\ utivos of rat'thano and atinino (^ontainint 
ftuljdmr arc the ^o-<‘alhMi it.'< or sulpjtur nh'ohjh. Thro 

can l>c nnnlc hy a m(‘tliod similar to imc dcscrihcd under tin 
head of Alcohols. \Vlu*n a inono-halo<4cn derivative of a hydro 
earhoiK as h^<J]ll-!ncthaIu^ CH.lVr. is treated with the hydroxidi 
of a metal, as silver hydroxitle, AitOHyan alcoliol is formed: — 

Clldlr -f A^on ( iy)H -f AgBr. 

So, also, when a similar halo<j:en derivaiivt* is treate<] with i 
hydromJphldr' instead <.>f a hydroxid*', a compound is ohtainet 
which we may li'^oird as an alcohol in which itic oxygen inn 
been replaced by sul|)hur : — 

( Iljh + Ksn ( T KHr. 

The corapound is called a tnf'rcapfan.. 

Ethyl-mercaptan, G.H, . SH. — "I'his su])shince can be pre- 
pared by treating iodo-ctharie, with an ulcoliollc sohn 

tion of potassium hy<frosnIphklc, IvSfl ; also by distilling a 
mixture of the eonc*ajtrated solnticms of poitiSHium ethylsnl 
pbate and {x>tassiuin hydrosul[>hide : — % 

> so, + KSH == K^SO, + CnisSH. 

K 

It is a lipiid of an eMremely dimyreeable odor; it boils at 37^ 
and is difficultly soluble in water* 
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The nanie ‘‘ nicroaptan was given to it on account of its 
action towards mercury. It readily forms h compound in wliifli 
mercury takes the place of hydrogen, ((:,lI,S),Hg ; and the 
name has refewnce to this power {<‘orpas uiercnrio aptarn). It 
lorrns many other vvell-characterized metallic derivatives like 
this imu’cnry compound. 

When the soelium compound of uuu'caplait is exposed to the 
air, it takes up oxygtm. So. also, when ii]<‘rcajttau itself is 
treated with nitric acid, it i.s oxidizia], th(‘ product liaving the 
formula . S().dJ. It will tiins l»c seen tiiat, tljough in com- 
position int‘i‘(*aplan is nJialog«)Us to alcohol, towards oxidizing 
agents it (Mjndncts itself (piitc dihVrently. In the case of alco- 
hol tw(j atoms of hydrogen are r(*])laced by one of oxvgen. Jii 
llu? ease of mereaptaii three atoms of oxygen are added directly 

the liudia'uK*. It will 1 h‘ shown that this new acid, which is 
called ackU bears to sul[>liuric. acid a relation 

similar to that whi(*li «ac(‘tic acid I'cars to carbonic acid ; and 
that it. inairs to siiljduirous acid a relation similar to that which 
acetic, acid betas to formic acid. 

When treated with |>hosphorus peiittnhlorldi' ii yiidds ti chlo- 
ride, (bJI;i.S()/’l ; and, when this is treated with nascmit hvdro- 
gCM (zinc and hydro(‘hloric acid) , it is reduced to mereaptaii : — 

H- i; II (UI,.Sil 4- IH 1 + 2ILO. 

2 , iSi i: Krnrus. 

Tlicrc are compounds known similtir to tlie others, eftntaining 
sulplmr in the jdact* of tlio oxygen of ^he ethers. Such ai 
methyl*8ulphidt‘, (('113)^8, and ethvl-sul}>hide, Thes - 

are made by treating l>rom- or iodo-mc thane or ethane with 
potassium sulphide : — 

2 CoH,l + K,S == (C,IT,).8 4- 2 KI, 

They are liquids of very disagreeable odors. 
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3. SrLPiioNio A< iiKS. 

*It was stated abo^e, that when nieveaptari is oxidized it is 
eon verted into an acid of the tVh'nnila (^dd;, . ^0311, or ethi/l-sml' 
phonic aci(i. I'liis is the representative id' a large elass of sSnb- 
stantu^s whieli are commonly made by treating earljon eompfnmds 
witfe snl[)huric acid. These sulplionie acids tain best be studied 
in coMuection with another seri(\s of hydrocaji^ons. Under tlie 
head of Ben/ene (whieh seo) it will he sIjowu that, wlien this 
hydrocarbon is treated with siil|>hurie acid, a reaction takes 
place wliich may be represented thus : — 


< 4 - *, 

HO 


\UJ ' 


SO_. + H,(). 


The sulplionie acid thus obtained can also be matle.bv 
dizing thecorres|>omiing mercaptan or hydrosiiljiliitle, CUl U. ‘SfU 
Accordingly, tin* sul[ihonie aeid aT>|H‘ars to besuljthuric acid in 
wliioh a hydroxy] lias lieen replacetl by the radical Ibai- 

soiling i>y analogy, whiclu bu'tunattdy, is sup|M)rted liy other 
arguments, we may eomdude that c‘thybsul|)honii,* acid formed 
from ethybmert'aptau hears a similar relation to suljdiuric ac,id, 

and corresjionds to tiie b*rmula So, also, methyb 

sulphoiiic acid obtained i\v oxidation oj' met [lybinercaptaii 
should be represented by tin* lormula > .'^(.bor S( M)li. 
Its relation to sol ph uric o/uil is the saute as that of <aad to 

carboitir arid. 

AnothA inelhod by which the siitphonic acids can be pre- 
|»ared consists in treatilig a sul[)liir;c with a halogen substitio 
tioii-[>rodact. "Idnis ethyl-sulphonic mrid can be prepared from 
potassium sul|>hit<‘ arni UKlo-etliane : • 


CjH;[ + !! > S(»; 


K 

K 


caia e 


.> 


so. 


(’ 1 

-7>S0, + K1. 

K 

caiw 

■ KO^ 


or 


SO, + K1 
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A(>eording to this reaction the snli>lK)ni(; acids appear to be 
identical with the ethereal salts of sulphurous acid, l)ut th(^^ 
do not conduct tiieiuHclves like ethereal* salts. The differ- 
ence is |>articul‘ii]y noticeable in connection with the stability, 
the snl[)honic a<*ids as a class Ixang nuicli moi'c stable than 
the eUiereal stdts as a <‘lass. At present it would be some- 
wliat "prciimture to discuss fully tlie (jueslion as to their rela- 
tions. Wliatevca we may call iIkuh, they are closely related to 
snlpliurous acid, ^oul aic derived from it by replacement of 
hydrogen by a radicfd, just as acetic a(‘id may be regarded a.s 
dei'ivcd from formic* acid i>y replaceimuit of hydi'ogen by a 
radical, 'I'licse relations ai'e re[>rescnted by the following 
formulas : — 


f'arliouic iicid, CO < ^ t 
OH 

Siilpliurii- acid. 

- on 

Foruiic acid, CO < 

OH 

Siili)liiiroiis acid, . 

' ■ OH 

Af'Otii! acid, CO < ^ 

OH 

Mcllnl-.''iili)lK»iic acid, SO. rifg 
• ‘ • Oil 

Any carl)oiiic ’ j , R 
acid. ' OH’ 

Any sululioiiic acid, SO., . 

' ■ OH 


The difference iHdaveen a sni[»honie acid and an ethereal salt of 
SJilpliuric acid should be sj>ei*ially noticed, ('omj)are for this 

purpose ethyl-sulphuric acid, ^ ethyl-sulphonic 

a(‘i(h ’ Hot li are monobasic acids, and l^olh contain 

I'thvl, but tlau’e is a diffi'rence of one atom of oxygt^i in their 
composition, llie reactions of the sitf>stances are such as to 
haad to the conclusion that in ethyl-sidphonicj acid the ethyl 
grouj) is directly conn#x‘ted with the snliffiur; and that in 
ethyl-Hidplmric acid tlie coiuioction is established by means of 
oxygen. The strongest argument in favor of this Anew *is 
perha[)8 that which is founded on tlie formation of the sulphonic 
acids by oxidation of the liy<lrosulphides or rnereaptaus. It 
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can hanlly bo doiibtod that ia othyl uierea[)ta!i tlu‘ ftulpbiir in 
cVrect coioK^hiatiou with tho ethyl ; or, to go still farther, iliai 
it is in combinatiou Vith earl>ou as roj>rosonte(l iji the fornuila 
H 

— C — H. Now, 1>Y oxulation of nioroa|»taiu throe atoms 

n 

of oxygon a!‘o n<h]o(b ami tlie sim[)lost view wo (arn take of the 
reaction is tliat tiio sulplmr is left umiistnrlvod in its relations to 
ethyU but that it has taken up the oxygen, as repri'sented in the 
fornuila ('JL, -S{E.()] I. As has ]>een shown, the oxygen cun 
he removed again Ijv naseeiit Iiydrogiun and the result is mer- 
captan. Tile study of the sulphcnie a<'itls in their relations to 
sulpliuric and snlphurons at/itls has bet u of considerable assist- 
anee in (mubling eliemists to baan coneej»tions in regard to tin* 
relations t»f tlie constiuients of the two latter, 'ria* view wbielt 
is forc<‘d u|>on us by a eoMsiderati<‘n of tin* retndions di\seribed 
above is that sui{.>buro!is acid ditlers from sulphurie tieid in 
containing a liydrogeu atom in phn*eof lualroxyl, as represented 

in the formnias s< t, < ^ and so, : and. further, that in 
ni{ - 'nri 

sulj)hiu’ous acid one hydrogen i.-^ in eombination with sulpinir 
and the other wilii oxygen. 
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NITROGEN DERIVATIVES OF METHANE AND 

ETHANE. 

The simplest oom})<>uii<ls (»f carboji nitrogen are 

cyanogen and hydrocy ani(‘ tieiil. Strictly s|)eaking, neitlier can 
Ik* regard(‘d as a derivative of a liydroearbon, unless imleed we 
considiu’ liydroeyanie acid as marsh gas, in wliieh three hydro- 

il 

gmi atoms iiru e l)een replaced one nitrogen : C ^ and 

V ^ 

* I ir howcwr, it* :i iiuto inatli’r of words, ;is there is 

nothing in the conduct of either suhstanee, or in tlie methods of 
formation rd* liyd?*oeyani{'. acid, that would ](‘ud us h> suspect 
any relation l)ct\vi*cn them. Though cyanogeii ami hydrocyauic 
acid lU'c tlicrefori' not to be eoiisidered as derivatives of the 
hydrocar})ons, tl)(‘y form tlie staj*ting-})uint for the prej>aration 
of so many imjiortant eonipoumls tliat they and their sijn})ler 
derivatives must rc*ceive some c'onsideralion at this stage. 

Cyanogen, (CN).. — All organic eompo4mds that contain 
nitrogen give sodium eyanidc when ignited will] sodi^irn. So, 
also, potassium evanide is formed when charcoal containing 
nitrogen is heated with potassium carbonate. Cyanogen itself 
is most readily made 1);^' heating mercuric cyanide, FIg(CN) 2 . 
The decomposition that takes place is, in the main, like the 
simple decomposition of mercuric oxide in preparing oxygen : 

IIg(CN)2= rig + (CN)*; 

HgO = Hg + O. 
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But^ in lH\*vting nu* rc‘urie eyanidt^, u i>lat‘k solid snUsUinee, />a>*a* 
Cf/mux}e>i. is toriiUM]. and rcinnins iK liiiid in the retort. It has 
the same oomposition as eyanoi^en. ami is therefore a [)olyinerie 
inoditic.-itjon. 

('viuiogen (from hint') owes its name to the fact that 

several of its eomixainds have a hhu* color. It is a colorless 
pis, wliicli is easily solubie in water and al<‘ohol, and /s' fV’- 
tretnebj It burns with a [>ui*t?lc-eoh>red llaim*. 

In a!|m‘ous solution, cyanogen soon inidergt)es change, and a 
lu’ovvn ainor[)le)Us bodv is depo>itt'd. In tla* solution are found 
hvdrocyanir* acM, oxaho acid, annaonia. and carbon dioxhlc. 
A little dilute aeid piao eiits this ili-eonipositiou. 

Hydrocyanic acid, HCN. — This acid, wliich is commonly 
called pruH^lr oc///, ixauns in nature in ainvgdalin in combi- 
nation with other substances, in l>ittcr almoiids, tlic leaves of 
the cherry, laun-l, tdc. It is prejiared by decomposing metal- 
lic cyanides with hydrochloric acid, as re[)rcsented in the equa- 

KCX + IK'l = K(1 + liCN. 

It can also lie made by tnaiting chloroform with ammonia: — 

CHCI3 + N1I3 == HCN + 3 iici, 

or CUCI 3 + 5 Nil, -= NII,.CN -f 3 NlCCl. 

It is a volatilfe liquid, boiling at 25. o'", which solidilles at —If)'". 
It has a very characteristic odor, suggesting liitter almonds. It 
is extremely poisonous. It dissolves in vvaUu' in all proportions, 
and it is this .solution which is known as prussic acid. Pure 
hydrocyanic acid is very unstable. By standing, a brown sul)- 
stance is deposited. By lioiling with alkalies or acids, it is 
qpnverted into formic acid and ariirnonia (see p. 56). 

Hydrocyanic acid can be detected by the fact that when its 
solution ^s saturated with caustic jxitash, and a solution contain- 
ing a ferrous and a ferric salt is added, a precipitate of Prussian 
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blue is formed ; or, by adding yellow iuninornuni sulphide to its 
solution, evuiporating olT tlu‘ excess of aininpnium sulphide, and 
tlien adding a di'op of solution of ferric chloride. If liydrocy- 
.‘Uiic acid was ju'cscnt, tlic solution turns a deep bl(X>d red. 

Cya.jiide8. — Hydrocyanic, like liydrochlorici acid, forms a 
series of salts, which are calkal the q/aun/e,'?. The ejmnides of 
the alkali metals and of mercury are soluble in waUu\ The 
cyanides of tlie heavy metals have a marked tendency to form 
double cTanides, and those double cyanides which eontiiin an 
alkali metal are sohil)le in water. Htmce, the precipitates 
formed by potassium (‘yaui«le, in .solutions containing the heavy 
metals, are dissolved by excess of the cyanide. 

Among llie la^st known double eyanidcs are I lie two salts, 
y>o(e,v,s‘/>o>/ fi'rr<n'yu)n(J<‘ and pidasHinin. u-rrit yfniidf^ The former 
is commonly (‘ailed ypJhjw prusslate of pota.^h^ and the latter 
red of polui^h . 

Potassium ferrocyanide, 4 KCN.Pe(CN}; + 3 H>0. — 
lliis salt is made on thi* large scab* by nidting tog(‘tlier, in iron 
v(‘8sels, refusi' auiniai substances (/.r., organic mattm’ contain- 
ing rntrogen ) witli j>ota.ssium carboimb* and iron. Th(‘ mass is 
treated with water, and the salt whieli is thus extracted puri- 
tled l)y ervstallizat ion. 

It ervstallizes in lai’ge yellow crystals, and is soluble in .about 
four parts of water at 

VViflm ignited, it breaks up according to this equation : — 

I KCy.Vifi'S f 1 KCN T FeC, 4 No. 

This dc‘(a>inposition is made iis(‘ of for tlio pur]>ose of preparing 
potassium eyanidi-. As, jiowever, a |>ortiuu of the cyanogen is 
lost in this way, [M>tassiuin ea?'bonatc i.s generally added, when 
the reaction nq)rcs('nt(*d lyv the following equation take^ 
place : - 

4 KCN. Fe(CN )2 + KXXlj 5 KCN 4- KCNO + CO* 4* Fe. 
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The jxjtmsivm ei/anide made in this way always necessarily con- 
tains potassimn cyanate, KCNO. 

Experiment 24.^ Make a mixture ef 8 parts (1<U)«) dehydrated 
potassium ferrocyanrde ami 'A parts (OOs) dry potosium carbonate. 
Fuse in aii iron eru{’ii>le. at a low rt*d heat, until a specimen taken 
out and plact'd on a stone is white when solid. 'rVien pour out on a 
hat, smooth stone, ami afterwards break up and p\it In a dry bottle. 

When trenU’d with dilutt‘ sulf>hiiric acid, the ferroeyanide 
yields liydrocvanie acid thus : — 

2[1 KCX.Fe(CN)J 4- ;] ILSO, 

= 0 HFX -f 2[K('N.Fe(C:N),] -f o K,S().. 

This reaction is the one actually inaile use of for the j>repara- 
tioii of liydrocvanie acid. 

Potassium ferroeyanide is the starting-jK>int for the prepara- 
tion of all com|)Oiin(ls containing cyanogen. 


Potassium ferricyanide, 3 KCN.Pe(CN);./ — 'Fhis salt, 
known as re<l prussialc of potasii, is pre^pared oxidizimj the 
ferroeyanide. 

Experiment 25. Dissolve 20?^ potassium ferroeyanide iit 2rKF^ cold 
water, and adtl 8'*' ordinary <'<»ncentrated liydrochloric add. Into 
this pour slowly a cold solution of 2^^ of potassium j)cmiangauate 
in 30tF'' water. I'hc oxidation is complete when a drop adilcd to 
ferric chloridj|.givcs a Virownisli-rcd color, l)ut no precipitate. Neutral- 
ize with chalk, tilter, and evaporate on a wnter-hath. 
i. t 

Potassium ferricyanidc i.s easil}' soluble in water, and crys- 
tallizes from its concentrated solutions in large, dark-red 
crystals belonging to tlie rhombic! syj^tem. 

In alkaline solutions it is an excellent oxidizing agent, 
c 

t Exp«rlme0ti! 24 and 26 may Iw poslpont-.d until urea is studied^ when they raaj 
be combined witb the artificial pre|wiatiou of urea. 



CYANIC ACIB. 


83 


Reducing agentH, such an hydrogen f^nlphide, sodium thio- 
rtulpliate (hyposulphite), etc., convert it iijto the yellow salt.* 

J^'ussian hhie^ Turnh^dV s Uha^. sohible Pnissian hlue^ and 
Berlin green complex (! 3 ^anides of iron represented b}" the 
f«>nnula3 * 

4Fe(CN)o.3Fe(CN)2, 

3Fe(CN),.2Fe(CN)3, 

KCN.Fe(CN),.Fe(CN) 2 , 

and Fe 3 (('N)« 4- 4 IFX.), respectivel\% 

For a full ai*count of the many compounds of the metals and 
cyanogen, the stiuhmt is referred to larger works. 

Cyanogen chlorides. — When chlorine is allowed to act 
U[\ou eyaiud(*s or <lilutt‘ iiydroeyanic acid, a volatile liquid is 
formed wliieh lias tin* composition i'e|»resented by the formula 
ON(’l. It boils at and its vapor acts upon the eyes, 

causing tieirs. It is known as liquid ega nogen chloride to dis- 
tinguish it from .solid egn nogen chloride. The latter has the 
formula {( ‘X h.Fl.i, and is formed by tnaiting anlnalrons hydro- 
cyanic acid svitli rlilorine in direct sunlight. The liijnid varieW 
is jiartially transfornu'd into tJie solid when kept in sealed 
tul»es. 

Similar <‘omiH>nnds of eyanogen wiMi bromine and iodine are 
known. 

# 

Cyanic acid, CONH. - When a cyanide of an alkali is 
treat(‘d with an oxiilizing agent, it Takes njl oxygen ami is cou- 
verti'd into a eyanati' : — 

FNK + O = CONK. 

Kxperfnionl 20.’ Heat a mixture of 8 parts (lUOs) dehydrated 
potassium b'rroeyanide, ami 3 partstdOK^ dry potassium carbonate in a:# 
iron erueihli*. Wlien llu‘ transformation into tlio cyanide is complete 
(see Kx. 21, p. 82), take the erucihle out of the furnace; and, after it 


Soe Note, j>, 82. 
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has cook'd down sonu'Wliat. but while tlio luass is still liquid, add 
jmulually 15 j>arts (IkHlh) roit lead, stirrin<^ duriutit the operation, Ikit 
tiie crucible iiixain iu ^ht‘ funjace for a little while ; allow the reduced 
lead to settle, aiul then j>oiir v>nt the oontents on a smooth stone. A fter 
the mass is cold, l)rt'ak up and extract the cyanatc ^^^(h alcoliol (of 8(1 
per cent). 

Cyanic acid is readily decomposed by water into aminonia 
and carbon dioxide : — 

CONli -C 11,0 NIL + ( (>2* 

The potassium salt is easily soluldt^ in wattu', but is easily 
decomposed by it, yicldin^r ammonia and ))otassium carbon- 

CONK d- 2 lI/> =- KIK '( b f Nil,. 

The most iutert'stine: salt of cyanic aciti is ((/n//ionini)t cj/anote^ 
CON. N 114 . It can be mad(‘ by addinn; ammonium sulpliate to 
a solution of th<’ [adassium salt. It is easily solulde in water ; 
but, if allowed to stand in solution, or if its solution is heated, 
it is ('Oinph'teh/ t sn tisforni*^ info nrno , whl(*h is isoiru'i’ic with it. 
I'he interest connected with this transformation was rf buTed to 
ill tlie intrudnetory chapter (ji. 1). It will la? consi<h‘red more 
fully under the h(*ad of urea.. 

Cyanuric acid, C,N;H.O,. — This acitl hears a relation to 
evanic achl similar to that which solid cyanogiMi chloride, 
fCN)/'L, bears to the liquid variety, it is jiunh^ by treating 
the solid chloride \^\h water, and also ]»y heating urea. It is 
a crystaTliz(*d .substance. 

Sulpho-cyanic acid, CNSH. -dusl as tfie <(yanides of thi 
alkalies tak(; U|)Oxyg(m and are coi>v(‘Vted into cyanatoH, so also 
4hey take. up sulphur and are converted into sulpho-eyanates : — 

CNK T S CN8K, 

Pota^Hiurn 

iinlpbo'cyaxjutt:. 
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KxpeHmont 27. Afell toiceOier in an iron crucible 17 i>arts (85R) 
dry |><>t}i.ss}iiin carboiuUc and M2 parts (ibOK) sulj[)]inr, and then add K 
parts (2:t0i^) JM)^vdc^cd (hdi\ drati-d potassinin ffrrocyanide. Keep the 
mass at a low red lieat until lh<- lerrocyanide is d( stroyed. After 
coolini,^ <‘xtract Vith ^val(M^ n<‘mrali/.e tli<‘ lillfred solid lo<i \Nith sul- 
phuric. ac.id, evaporah', and sejeirate. from ijotassium ^ulfihate ))y ineans 
of .vdcoiud. 

J*()tasst iDit, ci*yslajli/es in loijo; .slriuttal pri.siiis 

witliout water of (’rvstalli/ation. It is (le}i(|ues(*(‘id. AVdieii 
dissolvtal in water the t(‘iii|:Kaatun‘ slides mfukedly. AMien 100 
jiarts of water of l<bB^ are inixual with loi) |cirtsof the salt, the 
teni|)eratnre sinks to I>y t;va{)oiation of the solution, 

the salt ean 1 h‘ re:eo\aT«.‘d. 

Kxperiment 28. Dissolvi' --onK* potassium snlj)]io-(\vanate in water, 
and note Hk' lemperaturc ImvOuc and alOa* introdneinir tlie salt. 

Antiiifmvuii ( XS.XH.. Tliis salt is most 

easily })ret>ari‘d hv tieatinp; <'arl>on disult>hide with a solution of 
ammonia in dilute ah-ohol : — 

( S, + 1 Nil; ( NS.Xil, + (Xli4),S. 

Kxperinimit 21). Mix 2d>''’ stroinr arpieous ammonia. 210"' alcohol, 
and 0o« earlfon disulphide. Allow tlw mixture to stand for one or 
more days, 'riien distil down to ont -third of the oriirinal voiiniit', ami 
niter whil(.‘ still iioi tla* solution left, in the ilask. On cooling, ammo- 
ninm .'snljdio-cvauari' will ei-ystalh/e fnit. 

The. salt <TYsta!liz('s in ]>lati*s. It melts at IGO^' (try it), 
ami at 17*)' it is transformed into tin' isona rie substanee known 
as siif{)]io-urea. (Analogy to iransfornmt ion of ammonium 
eyanate. ) 

Having thus eonsidt*red some of the mon' important simpler 
tyanogeM eonniounds, w(‘ may now return to the nitrogen deriv- 
atives of the hydroearbans. Fur convenienee, these may be 
ilivided into three elassixs : — 

(1 ) Those which are related to toianogen; 

(2) Those whieJi are rehited to a eemonia j 

(3) Those which are related to nitric acid. 
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CvAKinK^. 

t' 

Methyl cyanide, CH>CN. - -Th‘H couii^oimuI is formed by 
distiliinjT a mixture of potiiissiiim mi'lhyl-sult)li;ite and polas- 
sium oyaKide : — 

+ ICON = K;SO^ 4- OTI,ON. 

K 

It is a liquid l>oiIing nt S2"\ 

Aoi'ordini!: to the ’iiiuhod of [uepanUion, ii must he regarded 
as an ethereal salt <>( hy<lr<><*yanie arid* eontainin^ nu’lliyl in the 
place of the {>ota.ssimn of the potassium salt . 


Ethyl cyanide, C:H,.CN. - Formed like' tlu' methyl eont- 
poiiiid. Alsv> l^y heatiaa elilor-eUiatie witli jK>tassi\im eva- 
nide : 

I + K('N ^ N + KCL 

It is a liquid boilinir at 

The tvvo most ehara<*tt‘risti<’ r’<a*iftions v)f these (*yanides art' 
( 1 ) that which is e(Y<-cted by eausiie alkalies, and ( 2 ) that 
effected by nasemit hvdrtyirmo 

Wlien methyl cyanide is treated with canstie |)otash, it yields 
acetic acid and ammonia : — - 

CIFjd N + lid) d* KoH .. ( l{,.( d- Nil,. 

This reactioTi is strictly tiTialotrmjs to that which takes^ [>hi<‘e 
with InAlrocv.anic ;u.ad yielding: formic acid {see p. o( 5 ). In 
the same wav ethyl yitdds an nci<l of the fonmila 

(or (\ ,IT,.(‘()JI). ddius. by imikina a cyaiude, we Iiave 
it ill our power to make an acid containin^^ tli(‘ same number of 
carbon atoms. 

^ This reiM,diorp therefore, enables ns to ])ass from an alcohol 
to an acid containing one atom of carlKm rnon? thmi the aleoliol 
coutainii:. It has la^en of great service u\ the study of the com- 
pounds of carbon. 
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Note fou Sti/dkxi'* — Slunv how, by startirija: with methyl alcohol, 
acetic acu) may b«‘ made by pfosiniL? throui^li tlie^cyauide. • 

• 

Tliere are two ways in wbi(;b tlie cyanogen group can be 
linked to inethsi in methyl cyanide ; viz., either by tjie carbon 
atom, as represented in the formula H.C — C — N, or by the 
nitrogcfli atom, as represented thus, IIX'— N— C. The ease 
with which tiie nitrogen is separated from the comijound, leav- 
ing the two eai*hon atoms united, as shown in tlie reaction with 
caustic potash, naturally leads to tlie conclusion that the for- 
mer view is the correct one. If it is correct, it would appear 
to follow that iu potassium <*yauidc tin* potassiinn is in combi- 
nation with (‘arlion as r(*presentcd in th(‘ 'formula K — C~N, 
and further that in liydrocyanic acid tlie hydrogen is in eombi- 
natiou willi (‘ariioiK as sliown thus, H -( '--N. 

In coiis(M|U(m(*(‘ of the close relation t*xisting between the 
cyanides and the acids, tlie former are frequently spoken of as 
the voV/’/Vf s of the ax'ids. I'hus m(*thyl eyanide, which is con- 
verted into ac(dic a(‘id by boiling with <‘austic potasli, is called 
the nitrih' of acetic acid, or aceto-nit rile. In the same way 
hydrof-yanie acid itself may t)e regardial as the nitrile of formic 
aeid, or f ^rhio-nif rlJ*‘ . 

When imdlivl oyanidi* is tnaiteil witli nascent liydrogiui, it is 
converted into a substance ^Nliicli ciostdy n\sembles ammonia, 
and is known as Ptlnjf-auiiue, It will l»e shown to bear to 

ammonia the relation indi<-ated by the lonnula N mi : 

• I fi 

is ammoniM in which one hydrogen has been replaced Ifv ethyl* 
ddie reaction may be representtal by the equation : — 

H,C~C-N + I II =5 H,C-]U'~NIL ; or N J. H I 

I til / 

This transformatiou strengtliens the conelnsion already reached, 
that the two carbon atoms in methyl cyanide are directly^united. 
If this were not the case, it is dilllcult to see how a compound 
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eonlaiMiuir oriivl in which the two carl>o}i aloiiis arc‘ iincjuc'Stion* 
ubly uiiihxl. eouhl h{* foneocl so easily from iL 

Just as Mu^thyl eyanicle yiekis ethyl-uiuiti<» when trcsated with 
nascent l^ycirogcm, so liydroeyanic ucid yitJd.^ nudhykiuivim? 


Oil, 
N > 11 : 


II-C-N + 4 11 H,{-^NILi 


"'i!! / 


1'he amines, or suhstitnted ammonias, will be eonsidercd more 
fully 1 lore after. 


IsO( YANrOKS on ( ‘AUn VMrNKS. 

If, in makinir ail ethen al >a]t <»f hydrcjiyanie acid from a salt, 
tlie sil\<'r salt is us<*d. a cumpoimd is<»biained havinu; llu‘ same* 
composition as the cyaniili*, but ditleriiiit \ery markedly from 
it. 4'h(‘ siili^iaive thus r.]>lained is cailled an /,soc//f//oVk' i»r car- 
ha m tne. 


Ethyl isocyanide or ethyl carbamine, C.K,.NC. —Tliis 
com[>ound is olilaim^i v.}h*ii silvn' cyanide and iodo-rtliane are 
heated togetliei- : — 

('Ji.I + A^NC CVH.NC + Ao|. 

Jt is also formc'd wlieii chloroform and ctliybamine (.sea* aliovc) 
are brou<<:ht toii'other : — 

CIJ( 1, + N ^ 11 - f J i.NC + 3 IICl. 

(ii 

* 

it is a liquid boiling at 7if. It is c‘})aract(*rized by an ^ihhcar^ 
able, mdmrrlhable odor. The* methyl comjiouud obtained }»y 
the metliod boils at oH'" to Imt othcrwi.se has proper- 
ties almost ideiitieal with those of ethyl isocyauide. 



ETHYL LSOOYAKIDE. 


89 


ft 

TMu; reactions of these BuhstaiKH’s arc quite difFerent froiu 
thos(‘ of the eyaiiides. ar(i decoin|)J)sed on])” with great 

difliciilty by the caustic alkalies ; but, when brouglit together 
with liydrochlOric acid, th(>y unrlergo an interestii:^ change, 
which may be represeMted by th(‘ following equation for the 
methyl eonipoiind ; — 

CH 3 .NC + 2IIX) = (IL-NIT, + If.COJI. 

Methyl-aniinif*. Forjuic ticid. 

'riiis reaction indicates that in the* iso<waiiides the cyanogen 
group is niiited to tla^ radical by means ol* nitrogen, as nqtre- 
sented !)v th(‘ foiamila ffjt’ — Hencn it is, in ail proba- 
fulity. that \vh(*n t]u‘y uiuhagt) dt*c<>nipcsition the nitrogen 
rmiiains in combination with the j*adical. wliih^ the carbon of 
thp. (‘vanogen gnaij) passes out of tla^ (‘oriq^mnd. Hie conduct 
of ethyl isocyanido is represented l>y the equation : — 

+ 2iU) (Vll. Nll, + lI.CtUL 

The rieictions of the cyanidt's and of tlie isoevanides, and 
the (‘onc'lusions drawn from lh(*m, admiralty illustrate the 
methods used in determining tin* struelure of (*onq)Ouiuls of 
<'Mrbon ; ami they are specially valuable, aj> the connection 
hciw'cen the facts and the eoneliisions, as expressed in the 
ronmdas, ean l)e tra('t (l so t‘Iearly. 

The fact, that the silver salt of hydrocyanic acid yields iso- 
(wanides, whit' the j)otassium and i>(her salts yield cyanides 
with the halogen (h i’ivatives of the hydrocarbons, leays to the 
suspicion tliat in silver vwanide the meud may be in combina- 
tion wdtli nitrogtm a ml not witli carbon. There are other facts 
knowui w'liicli indicate a Umdency on the part of silver to unite 
with nitrogen in caibon m)m|)Oiimls. It would lead too far to 
discuss this subject here. ♦ 

it seems possible that isomeric salts of cyanogen may be dis- 
covered corresponding to the cyanides of the radicals aivl to the 
isocyanides. There is no fact kuowm which makes the exist- 
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euee of two potassium ovanide?^ and two silver e van ides seem 
miprobiible. Tlu^Jtwo series of salts would he derivatives 
of livdroe\ aiiie acuL 11— (~N, and isoltvdrocvanic acid, 

Kx|)erlfiieni ,*?<). The odor «>t’ tlio isoevanidos. tw lias been statod, 
is extremely disa^rt i‘at>le, and in eoneentraleti form it is inilaairabie. 
A vivid impn-ssion in re:^ard to this property may he prodiieed by the 
follovvitii^ <'X]u*riment. In a te^t-tuhc hriie^ toictdher a UKh- ehloroform, 
aniline, and aleoholic potash. 'Idn^ reaetion rak<*,s place 4*11 once. It is 
better to pm'tVirm the expinament out-taf-doors, and in sneli a t)hi{*e that 
tlie tubt' with its^ ontents ean be thrown away without molesting any 
one. The aniline n>ed is a snl)stituieil ammonia analogous to methyl' 
amine, containing the ra<Ucal in place of methyh The Isoeyanide 

formed lias the formula (\dL., NC. 


CyANATKS ANr> IsOrYANATKS. 

There are two series of (aunjuninds hearing to ovtnuc acid 
much the same relation as tliat which tiu' eyanides and isocyan- 
ides bear to hydrocytinic acid. 

In the ctfanat^s. whi(*h are iiitide by passing cyanogtai (diloride 
into the alcoholates (('H,X)Na4-C h:rt(Tl/>CN + Na('l), the 
radical is believed to be united to the cytinogen grou|) liy means 
of oxygen, as represented in the formula CH,} — () — CN. 

In the isr>eyanates (tli^st callcMl cv/rocdcs), on iin^ otlier hand, 
the radical is believed to be united to the c'yanogen l>y means 
of nitrogen, as represented thus. ( 11 . — N —(’(). The ispcAuii- 
ates arceinade bv distiliitig |)otassiuui cvanate with the |)Otassituu 
salt of methyl- or ethyl-sulphuric aci<l. They can he made also 
by bringing togetluu* the iodides of radicals, as iodo-inethanv‘ 
and silveu’ cvanate. Thev are v<‘rv volatile substances, whi(di 
have penetrating and sulTocating t>dors. 

%_ One of the prineijial reactions of tlic cyti nates is that which 
they undergo with caustic alkalies, hydrochloric acid, etc. They 
yield ejninic acid, and a compound eunUiining the radical wliich 
they conlained. 
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The isoej'aiuitesh-eadily yield sub.slitiiled ammonias, just as 
tlie is<xn auides do : — 

(Ul, ~N - CO IIX) (UC.XIL -f CO,; 

Cll> -In -CO + ILO C[[,.N!(, 4- CO,? 

I'lie Views iudd in n-^ard t<> lie- striu*ture of the eyauateB and 
isocyanates aro l)astMl iqion thesi* nau-tiojLs, wliieli, as will lie 
oi)S(‘rM‘d, are very siinilai' to those more fully presented ia 
diseussintj^ the dillenujee l»etwi‘en tl»e cyanides and isocyanides. 

Tlie i‘xisttmce of two cyanii* a<‘ids. and o(' two seriies of salts 
derived fiom them, secnis prohahle. 

Sri.CHO>( V ANATES. 

'Flic i'thereal salts of snlphocvanic acid are easily made by 
ilistillinij. ])otassinni snl])hocyatnUe an«i tlic potassium salt of 
tnelliyl- or (‘tliyl-sul[)lmric ac id : — 

^ -t- IvSCN = CH^SCN + K.,SO,. 

K 

Idle tdhyl componml, which is v(‘ry similar to tlie methyl com- 
})ound. is a lifjihd boilinu' at I lf»\ 

lien boiled w itli nilri(' acid, it is oxidized to i*tlivl-snlphonic 
acid. Now, it lias been shown abov t‘ (see [). 77 ), tliat in ethyl- 
snlphonic acid tiu* ethyl in all pr(»bability is in condiination wdtli 
the snlpinir. It hence follows that, in the sn]])hocvaiiates 
obtaiip'd from potassium sul[>bo<*yanatc, the radical is also 
in combination with sulpimr. as imlicalcd in the Jformula, 

( '., 1 1 --S - ( N. 'Fliis vi(‘w. is sup[K>rtcd by tlu* fact that ethyl 
suIi»ho-cvanate readily yields ethyl sulphide as a product of 
decomposition. 

I so-sr LI’l lO-t A AN V'l Es < u; M i stahi >-( )ies. 

f 

A number of ceunpoimds arc known isrimcric with tiie snlpho- 
cyanates. The bi^st-known mcmlxu' of tlu‘ class is ^vrdiuarv 
mudanl-olL Hence tluw have been ealUa] mustard^oib, and 
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they are known most frequently l»y this nauie. 'Ihe rnustanh 
(tils are nuuie by means of a series of somewliat eon}|)lieate(i 
reactions, which it is rather dittuailt to intcrpri't ivithont a com* 
parisoii with some similar reactions whit h lake, place between 
simpler siil)staiU‘e>. 

Wiien ilrv ammonia ami dry carbon dioxidr* act upon each 
other, so-calhsl anliN (Irons ammonium cjiri>onate is formed. 'Has 

is really the amimminm salt of cariuimic aei<i, taj ■ 
formation i> I'cpvcsi'nti d thus : - 

(O + J Ml . ^ CO-^ . 

OMl, 

Now, rememberinu' tlnit (’arixat disnl[)hi<h‘ is .similar to carlum 
dioxide, ami that ctliybamnic i> similar to ammonia, wc (‘am 
readily understand tlie retanion whirii takes jilaee when these 
t>v(> substances ai’(^ brouoht toii'taiim* : -- 

cs., + 'i Mi.cji. -• cs <• 

" ■ S(MIC.ll,) 


The product ft)rmed is tia* taliyl-aimnouium salt of tlu' acid 

CS < which may br called c(livl-snl[d«)-car}>amic acid. 

Wlien the ethyl •ajumouiuin sail is ln‘a,t<.Ml ^ ith silver nitrate, the 

corresponding silver salt, ^ ' s \ ‘ {ec(ipital(‘d. And 

tlnuily, wlicn tliis Mill is distillcfl. it luraks up, yielding itkyl 
iuastard-oiU silver sulphide, and hydrogen suljdiide : — • 

2 CS^' s('-N( II. 4 - ll.s 4 - AaS- 
.SAg 


Ethyl mustarrl-oil is an <»ily rujuid ^vhieh docs not inix with 
water, ft has a, very penetrating odor, and acts ufion tlie 
%ucoiTH mmnbram^s of the ey(*s and nose in tin* same wav as 
ordinarv oil of mustard. The |)ropertii‘s of tlui two arc* so iimcdi 
alike thht one (X)nld be substituted for the other. 
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Soluo of the arguments have been stated which lead to the 
\'iew^ that in the sulpho-cyainites the radical is in cjornbinatiov 
with 8iil|)}iur. Having once aeee|)ted tlfis view, we should 
iiatnrally suspect that in tiie mustard-oils tlie radical is in com- 
bination with nitrogen, and the (piestioii arises whetlier the 
rea(‘tians of these. Ixxlies are of such a, ehara(‘t(n- as to justify 
this sns[M(!ionr 1'Iiey certainly are. In the first j»laee, when 
heated with water or witii iiydroetilori(‘ acid, idhyl inustard-oil is 
decomposed, yitdding carlxai dioxide, and hydrogen 

snlplndo : 

SC-NCJl, -f 2 IU) rdi,.NIL 4- IhS + CiX. 

And, in tlie sraamd {)]aet‘, naseimt ]iv<lrogeii eonvc'i’ts it into 
rfh}/I-<niii)H’ and forinif' thioaldeliyde (dc. . formie aldehyde in 
w'hieh tlu‘ oxygen iias luam re|>la{M‘d !>y sulplmr) : — 

s( --N(Vn, 4 III -= (UIvNIh 4 lU'S. 

Thus, as ^Yil! be seem, tlie tendeiiev <>f tla^ suljdio-eyanates is to 
yiidd sul{)bi(U‘s of the radicals like t‘ti}yi sul{>hide, ({.'VllrjoS ; 
the tendeiiev <>f tlie iso-suljiho-eytinates is to yivld substituted 
amniouias. lik(‘ etbybamim' NlL..(4,II,v 'Tliest' facts point to 
thi‘ relations ex])ressed in the formulas, K— -S— ( N for the 
sulpho-evanales, and Iv — N — ( S f<u' tlie iso-suljdio-eyauates or 
mustard-oils. 

In re\ii’wiim’ now' tin' eompouuds of tlu* iiVilroearbous wliieh 
ar(‘ ri;lated to evauogeu. we see that tlu ie ari‘ two isomerie 
sm'ies of tia^se, tlu^ mimes ami <jem‘ral formulas of whicli are 
given lielow : — 

Cyanides, Iv — C—'N . . . Isoeyaiiides 

(dirbainiiu‘s, j 

( ' v an ate s , U — () — C N . , . I sov a nates, R — N — CX ) . 

Suljiho-eyanates^ K — S — CN . Iso-sulplio-iyan- \ 

ates or Afus- U — N — CS. 

till'd oils, 3 ’ 



94 


OEKIVATIVES Ol-' MBTHANK AND ETHANE. 


Note fok ^ruDKNr. -Study tliest' rouij>oumlH unlH iVjo exact cou- 
j^ectioii iH'twecu the forniuhLs aiui the al)t>ve stated is ciearly 

seen. t 

Si nsTiTrTKO AmMONIvVS. 

t 

When broin-etliane or any similar suhstittition-prodnct Is 
treated witli ammonia, the reactions n^presented by tlie follow- 
ing equations take |)laet^ step l)y st(‘p : — 

CJl^Br q- NIL NIL(;(UI,0.1IBr; 

(Ul,Hr -p XIL(LJl,) ^ NH(( JIA.. HBr; 

CJl^W -f NIKLJIO. -- N(( diA..fn;r ; 

( di.Br q- X(( JI,), - N(( VH;)*lh’. 

The first three produels are salts of hydroijromic .‘udd, and 
substances which in all their pro{H*rtie> vt*rv closely resemble 
ammonia. When tliose salts an* distilled with potassium 
liydroxide they are decomposed, just a.s ammonium bromide 
would b(o Only instead <»f lietdn^- ammonia and potassium 
bromide, wr* get the t\)mpound>s <//////-<//// ///c, NIL, .( 01-^, 
amine, XH (< JL,).^ ai u 1 f >n d/ e , X ( i 1 . ) Tiiese 

substaiiees may Ik* regarded as derived from ammonia by the 
replacement of (Uie. two, and three of the hydrogen atoms 
respectively by ethyl. The last product of the scaii s of reac- 
tions represented above may i>e regaithal as ammonium bromide, 
Nir^l^r, in which all four iiwlrogeii aJoius art^ [('placed l»y etliyl 
groups. 

The decomjiosition l»y potassium hydroxide of tin* lirr^t two 
salts is i%pr<*S(a[ted thus : — 

NIL(( Tl,).HHr r K(>0 XliO( UT) + KJ5r + 11,0; 

T KOH Nll(( dl,), 4 KBr + ILO. 

• Methyl-amine, NH>.CHi. —This eomijormd can be pre- 
{)ared by treating iodo-metliane with ammonia : — 

CllJ + Nil, - NILC:H,.in. 
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It was first made liv treating niotliyl isocyanate, CII3 — N — C^O, 
with caustic [lotash : — 

C11,,_N~(X) + irx) =: NIL. OIL, + CO 3 . 

Tt has b(H‘a Btated that it is formed by treating h>^dror*yanic 
iieid witli nascent liydrogen : — 

TI(:N + 411 = NTL.CH,. 

It occurs in nature in herring brine, in Mi'ccnrialli^ pereunis, 
and is one of tiie products of the distillation of animal matter 
as well us of wood. 

Methyl-amiiK! is a gas which is easily condensed to a liquid. 
It Hiuells like ammonia. It is, like aunnonia, extremely easily 
soluble in water. 1 volume of water at taking up 1150 

vojumes of tlie gtis. Tins solution acts almost exactly like a 
solution of ammonia in water. It is strongly alkalim*. It pre- 
cipiuites Ibe m(‘taHie hydroxi< 1 es. Imt. imliki‘ aimnonia, it does 
not redissolve preifq^itatcd hydroxides of nit^kd. cobalt, and 
cadmium when addeil in excess. Like ammonia, it dissolves 
a I u m i n i u m 1 1 y d > x i de . 

iMtdhvLainine torms salts with acids in the same way tliat 
ammonia does ; tluit is, by direct addition. Ihe aetiou towards 
nitric and sulphuric acids takes place in accordance with the 
following equations : — 

NIL( IL + UNO, = NII/lI,.NO,; 

. 2 NILC’H, -f- ^ (N1I>CH,),804. 

These salts are called methyLammonium nitrate aiuF inethyL 
ammonium snlpluite respectively . 


Di-methyl-amine, NH(CH,),. — This is formed by heating 
iodo-methaiie with alcoliolic ammonia : — 

2Ciy + 2 Nil, NII(CI102 lIl + NIIJ. 
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It is formed, together with ijoethyl-amints as a product of the 
nation of wood. 

It is a gas wiiicli condenst^s to a li(pnd at -p 8°. Its proper- 
tit's are niuch like tiiost‘ of nietliyl-amim\ 

Tn-methyl«amine, NvCH,),. — Tri-rnethyl-amiue is formed 
as one ot the ihxmIik is of the tneitinenl of iodo-methane with 
anunouia. It occurs withd\ distritmled in nature, as in tlie 
Iflossoms of the hawtliorn. tlu‘ wild cheiry, and the [aair. It 
is contained in Iterring l>rine, and is a cDinmon [)rodiict of the 
deeoin]i>osition of organic snhstanees which contain nitrogen. D 
is now ol>taine<l in large quant dies from tiu‘ so-called vin- 
asses,” 'riiese are the waste li<pnds ohtaimul In the refining of 
licet sugar. When the “ \ inassrs" are evaporated to drym^ss, 
tri-rnclh\i-amin<‘ is giviui otT among tlie volatiii‘ [>roduets. l,t is 
collectetl as the hydna-hloric acid salt. .\(( 1 1 . IK I, which, 
when heated to -dio , yields ammonia, tn-imtiiyl-amiiu*, and 
ehlor-imdluine : — 

3X(CIlO;.n( i -- N(( li;) , + NH, + 

The cldor-metham' is utilizeal for tin* [)nrposc of fuaxlncing low 
tcnip(*ratnr(‘s. 

Tri-inethyi-amine is a liquid boiling at to 10^. Jt has a 
strong ammeUiiacal and h>liy odor. It is vei'v sofubh' in w'atiU’ 
and alcohol, and is a strong ba^e. its use in flu*, pit'paration of 
potassium carfM>nate. by tins Solvay trroccss, has Ix'cn suggested. 
In making sodium carbonate from Uie idiloride by this imkhod, 
acid amTnonium carbonate is added to the chloride. Thus 
inono«sodinm <‘arl>onatc is prccipitatsMl. and ammonium ciiloride 
is hvft in solution. Kut mono-} iola'' slum eai'bonatc and ammo- 
nium chloride arc about equally soluldc, so tfiat |»otassium <‘ar- 
lionate cannot be jinqxinal in the Hatm' way. On tlie. otiier 
liand, if trbnietliyl-aminc is substitut'd for ammonia, the sepa- 
ration can be elTectciL inasmuch us tri-methyi-ammonium chlo- 
ride is more soluble than umuiomuiu chloride. 
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Notk fou STi-i>FNr. — Writti Die equations representing the reac- 
tions involved in making j)Otassiurn carbonate from potassinm cliloridi 
by means of tri-inethyl-amine. • 

T1h‘ olbyl-ninitios lire' v(My Tinicli lik(* the methyl compounds, 
tind lienee need not he sjieeinlly d(*s(‘rihed. 

Whdh tri-ethvl-nmine is brought logetln»r with iodo-ethane. 
the two unite, fonning the compound tetra-*etliyl-aminonium 
iodide, Avhieh is ammouiurn iodide, in which all four 

hydrogen atoms have been replaeed by ethyl groups. If silver 
oxide is adderl to tlm a<|ueous solution of tlie icKlide, silver 
iodid(‘ is jyreeijjilated, and by (o’ajioration of the lirpiid (‘rystals 
of U'fr(i-vth iiha lurnorinriit Itydroxldv. N(( . are obtained. 
Tills is plainly the liypothctiicd ammonium hydroxide', in which 
the four aiunioniuia hydrogens liave iKam re}>bu*ed liy ethyl. 
,//;<r .so/n//V>>/ oc/s o///ey,s7 lUo’ ruuMif' jtofitsJf. It is vei’v caustic. 
attra(‘ts eaiboii dioxide from the air, saponifies (see p. 70) 
(‘tbereal salts, .and givt'S tlie saim' prcaapilates as caustic ])otash. 
The remdions of tiie sul>stitutcd ammonias above described 
make it certain tlmt tin'.- })odi<'s an' ^•ery closely n'lated to 
ainmonia. The mt'llnxls of formation also ])oint clearly to the 
sanu* (‘oueiusion. This relation Is best exjua ssed by Die form- 
ulas above given. 

Another method for the rormation of substituted ainmonias 
in wliicb but oiu' radivjil is priseiii. as etbyl-amiiu'. Nib. T.dl-, 
or in geni'ral Nil . IT eon^i>-ts in treating with nascent hydro- 
g('U (a)inpounds Icnown as lufro rompoiiud^. wbieh are sulisti- 
tut iou-[)rodn(*ts eonlainiug the gron[) N()_. in the [ilace of 
hvdrogen. Thus, for ('xanqile, wdien nilro-methane, ril-.NOo 
(wdiicli sec), is trcat('d watb livdrogt'ii, the leaction wdiich takes^ 
place is represented thus : — 

CH 3 .NO, -f OH - CH 3 .NIL + 2 1LO. 

In oonnoction with nnotlior series, it will 1)0 shown that this 
I'oaction is a most im[>ortaiit one, from a practical as^ well as 
ft scientific point of view. It may be said in anticipation that 



98 


DERIVATIVtiS OF METHANE AND ETHANE. 

the manufacture of aniline, and oonBeqtumtly of all the many 
Valuable dve-stuffs, related to aniline, is l>ased upon this reue- 
tion. 

♦lust as we may look u|>on niethybamine arid the related coni- 
poiuKls, as ammonia, in which one hydroireu at6m is replaced Iw 
methyl, so also we may reijard them, and with equal right, as 
marslt gas, in whieii hydrogen has been re{)laccd by th(* group or 
resiilue NHj. b)wing to the freipieney of the occurrence of thiii 
group in carbon compounds, and for tlie sake of sim])rifying the 
noincncltiturr, tho group h,as Imsui ealled tlie nhiUh' or atnido 
grou}>, and the inxliv-s containing it Thus 

the cosnpv)und may l>e called lather itlttfl-uirdne or 

amido-etk(ini\ etc. 

Similarly, those bodi(‘s which eoutain two hydrocarbon resi- 
dues, as di-ethyl-aiiiine. X 1 1 (( .-I arc called i)jifdn-rofitp(tu}uIs, 
and the group NH tiu* imld^ or imMio group. Substituted 
ammonias i’outuiuing one hydnjcarbou n‘sidue art' (*alled pri- 
laanj (undioniK Imscs. 'r!u)s<* eontainiug two residues, as di- 
ethYl-amiae, NH(C 11,)^, are known as sefondary aniitwnki 
base^. and those containing tiin.‘e residiu^s, as tri-ethyl-amine, 
N are called drUary a/tnoonkf, basfs. 

Among the most ijn[>ortant of tlu* reaf'tions of ainido-com- 
}K>unds or primary liases th.at which takes place when they 
arc ireaUal with uitrous acid. d'ak<' ethyl-amine as an iilu.stra- 
tion. In order to umh*rstaml what takes place wljeu this 
(X>Tn]K>und is treated witii nitnms acid, if is ncc(*8sary to kce|> 
in mind tlie fact that the coin(>oiind itself is a rnodi/kal ammo- 
nia, aruf hence we may <*xpect tliat its reactions will be but 
MKKiifications of tliose w1u<*1j take place with ammonia. Thus 
with nitrous acid annnonia unites directly to fonn ammonium 
nitrite : — ♦ 

NIL + UNO, ^ Nli,.N02. . 

So also ethyl-amine forms ethyl-arnmoniinn nitrite : — 

' NIT.CJIs + UNO, NH3(C2 Ho.NO,. 
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Now w(; know that iuninoniiiiii nitrite briaiks up readily into 
free nitrogen and water : — • * 

Nil,. NO, = N, + 1L,0 + ILO. 

So jilso (‘thyUaiinnoniuiM iiitriU; ))reak.s up into froe Viitrogon, 
and (ih’okol : — 

NiidCJI^NOo - N, + iU) -f (Vn^.OlI. 

'rin^ two r(‘a<‘tions are sli ictly anaio^uu*^. Ah in tin* second case 
>ve start witli a suhstitnttHl jitiiTnonia, we get as a pnxlnct a 
subiitil uU'd frntj r or aleolioi. 

Tliis reaction has heiui used v«‘rv i‘xtensively in the pro|jara> 
tion of bodies eiaitaining liydroxyl. For ordiutirv aleolioi, as 
is clear, it is md a eoiivaaiient nielhod of ]>re[)aralion ; 1»ut it 
wilj b<‘ sliown that lliere are h\aIroxi(h‘.s for tlie jireparation of 
whieli i( is by far the luosi eonvauueut inetho<l. dlie essential 
ehai’aeter of the t rausforination etTeeteil hv it will l>e liest under- 
stood by eom|>aring the fonimlas of the amide and tlie alcoliol. 
\\’e ha\t‘ ethyl-amine, an<l from it w(‘ get aleohol, 

('.Hy, .Oil. 1'hus w<‘ see that tin* t ranst'orinatiou consists in 
i'e|)la('ing the amido-group by hydroxyb 

IIVOH A/UM. ( OMia 

'rhert^ is an im[)ortant class of compounds, tin' members of 
which luair the sanu’ relation to the eompouiui liydra/iiie, Xon4 
(HoN Nil.), that the substituled ammonias bear to ammonia. 
Tlie rdaetions by which tiiey are prepared are somewhat com- 
plicated. and cannot well lu* iliscnssed at this stage. 'Wie best- 
known hydrazines are those related to the hydrocarbons of the 
lienzene series, as, for example, phenylhydrazine, ^ ^ 


NmuoCoAii'orNDs. 

Reference has already been made to a class of bodies con- 
taining the group NCb. and known as nitro-compotinds.. They 
are most readily made by treating the hydrocarbons wdth nitric 
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at id. I’hiB iiiidluKU lunvovor, is not a}>[>li<‘:iblo to hydro- 
v^arlnais UKdliaia* and idhane and thnir htanoloixuns, ns these can 
he ti’eated witli nitri(‘ arid without under^oino- ehange. The 
hydrociii'hon l>enzene, is ;u‘ti‘d ujM>n vt*rv easil\' l>v nitric 

acid, wiien tiu' nen't-ion i'e[>rest‘ntial hy the following etjuntion 
takes place : — 

(;il, 4‘ HO. NO, - i\,U,. 'SiK f lU). 

The action is liki* that whicii takes jjlata' l>etAveen snlj^lniric* 
aci<l and ])en/aMUa wiiicii give.s the sul|>honic acid Cyi.. 80,011 

<;>r }|(^i (Sc(^|). 7<k) In each case a hyd?*oxyl of the 

acid is ri'placcd )»y the siini^le rcsi<lncof the hydrocarbon, d'hc 
prodtK't in the ca>r »)l the dil>asic acid. sn}]>]H)ric acid, is itself 
still acid, while the prorbict in the <*ase of the monobasic nitri<‘ 
acid, is JU‘t au acid. 

The Tiitro-ilcrivatives of inctham* have bicn made bv a reaxe 
tioil wliich we should cXjM'ct to yield etlan'eal salts (»f nitmiis 
acid ,* namely, )>y tr»*atinc itHlo-meUiane c‘r chham^ Nvitli siivxa’ 
iiitrib.‘ : — 

( lid 4 AgNo, .r: ( n,NO, 4 - Agl. 

The componinl ( H;. N(4, which is known as nitro-methfi}i(\ 
docs not co/iduct itS'clf lilo* the etheretd salts of nitrous acivl. 
The laUx‘r an‘ uustabie iMMlies, while the ronner is stai)le. 

Noik con SrcDKN j’. — ('unii>are tla* reacljou just refe rred to with 
that which tako {j}ac(‘ l><a.w<‘cfi ^ih cr cyanid • arnl iodometJjaJh* ; and 
tliat Avhi^lj lake.'* i)lacc tx'iwccnt iodo cThnin* anti }totassiinn .sul])hiU‘. 
What tmalogy is thenf to the former anti to the latter? 

it bus alreatly t’ceii stated that the niD’o-<l(aivatives are con- 
verted by nasevnt bydrogen intii the corresponding amido- 
^Jerivatives (see p. h7). * 

Notk ifou STcnnNT. AVrite the e<|uaUoiis rer>rese!itlng the reae> 
tioiis nev'CNsary lx> convert nictbyi alcohol into methyl-amine by means 
of the nitrocompound. 
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Nitroform, CHCNO;,);}, n.s tin? formuln indicates, is the tri- 
nitro-derivative of uadliane, or tri-nitro-inpthane. It is eon^ 
verted into (Mra-uitro^mrdhane^ when treated with a 

mixture of eon(.*jmtraled snl|)hiiric and fuinint^ nitric acids. 

Nitro-chloroform, C(NO,)Cl,„ culled also ddorpurrin and 
nitro-trftdil()rtue(ha is formed l»y distilling nudhyl or ethyl 
alcoliol with (‘oiiiinon salt, salt|)etr(‘, and sulphuric a<nd. It is 
formed iVom a niniila*r ol* more coin|>licated nitro-compouiids, 
l)V distilling th<‘m with lileachiiig lime or liydrochloric acid and 
potassium cl do rate. 


N iriiOS<)>- AM) IsoMTirOSO-( 'o.MPOt;NT)S. 


Wlien a com(>oiind (containing the group ('ll is treated with 
uit(*ous acid, a reaction lakt^s pla(*(‘, wliich is rci^rescnted thus : — 

-f HO.NO K..C.NO d- lU). 


Th(‘ product K;, .('.NO, which is dcrivtal from tin? original sub- 
stMtu'c by Uu‘ substitution of the group NO for a hydrogen 
atom, is ealh*d a Hdrosff^ettfupoKnd. I5y oxidation the nitro.‘^o- 
eomj)ounds uvo converted into nitro-compoimds, and by redue- 
tion tlu‘y yiidd Ilje same products as the currespoiiding nitro- 
compounds. 

The isonitros(>-componnds are isonuaac with the nitroso-com- 
pounds. 'riiey are formed wlieii acetones or aldehydes are 
treated with hydrox vlamine, NII._>.Oll. The reaction may be 
represented tims : — 


( H, CIl, 

('() + II,N.oi = C-N-OU + nx). 


CII3 CII, 

» 

The hydrogen of the liydroxyl lias aeid properties. The 
isonitroso-eoin pounds are readily broken uj), yielding,^ as one 
of the produet.s, hydroxylamiiie. They are generally called 
oximes. 
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Pulminic acid, CiNjO.H^, acconliu^ to rocent 
fions, appears k) be an isoiutros(»-<H>iii[XMni(l, and lor tliat 
rejison lliuls apiiropriate inenticm in this pUK*e. "riio j>rin<*ipal 
compound of fulntinie af‘i<K is the meiaairy ialt, Cv>N/l,IIg, 
commorjly kiunvn as f((hnhiaff)>g nierctfn/, It^is |)n'pMre(l by 
dissolving nit*renry in strong nitric acid, and adding alcoliol to 
the solution. It is extremely ex|)losiv(‘. Mixed willi potasHiimi 
nitrate it is used for tilling penaission-caps. 

When fiilniinatiiig mercury is treated with (‘OiU'cntratcd hydro- 
chloric a<‘id. it yields hydn^xylamim* as one of the products of 
decomposition. This is ri^gardcd as evideiiet* that fuhninic atad 
is an isonitroso-c<anjK)nnd. As will be seem fnlminic acid is 
isomeric with cyanic ami cyanuric acids (set* pp. 8d and 81). 
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DERIVATIVES OF METHANE AND ETHANE CON- 
TAINING PHOSPHORUS, ARSENIC, ETC, 


Phosphorus compounds. —Corresponding to tlie amines or 
substituted arnmomas are the phosphines, wliieli, as the name 
implies, are related to idiosphine. ITT. ]\Iet]ivl-phosphine, 
ITT... CTT., di-nlethyI-i)]ios|)hine, lTI(Cn i)o, and tri-niethyT 
pho 8 phin(‘, l*((TI;,);j, may ]»e takiai as ('xamples. 

Thes(‘ Hnbstane<'s, liki* the eorr(‘s|)onding amines, form salts 
witli acids, thougli not as readily. Thi‘ hydroxide, tefra-etliyU 
phosphonhim hydmxide^ P(CTTA4*C)H, is a vaay Btrong base, 
thougli not as strong as the corresponding nitrogen derivative. 

The i>lu)si)liines havi^ one mark<*d projaady wliieh distin- 
guishes them from t]H‘ amines, and lliat is their power to take 
up oxygeu and form aeids. Tims, ethyl-phos|)]iine, ITI uC.TT, 
when treated with nitric acid, is converted ijito e//o/T/>/e>.s- 
phhiic acid., F()(C'.TTA (OM)._.. a diba.sie acid, bearing to phos- 
phoric aeid the same relation that the sulpho/tic aeids bear to 
sulphuric acid. 

Norn KoK 8TT-DKNT. — Wliftt is the relation? What other class of 
acids bf*ars the same relaiiou to carbonic acid? 

l)i-ethyTphosi)hine, lTI(( UT.j)o, yuAiln di-efhyl-idiospld 
P<)(('j>H5)jj.()II, when oxid||ted. 

TTiese eonn>ounds .are not commonly iniT. with, and do not 
play a very important in the study of the compounds of 
(auTxm. 


Arsenic compounds. — The most charatd eristic ^carbon 
compound coiituiuiug arsenic is tluit whicli is known as cacodyl. 
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a mime given to it on aeeoimt of its »‘xtrenK'ly (iisagreeable 
Sdor (from KaK(»>%9, litiitkimf) , It is pi*t^par(Hl by (listilling a mix- 
ture of {>otaSvsiuin acetate tiud arsenic trioxide. The rea(‘tionH 
which take [>lact‘ ar<‘ very eoiin»lieateiL and rntiny |)roduets are 
formed. Chief .among the products is cncod/// ol*h/c.* — 

4(H,.C(CK T AsAT == [(( n,),A8]A) T 2 KXU. -f 200,. 

When treute<i with h\atrochlori<‘ a<’id. tlu‘ oxide is converted 
into the vhluride (CH,;)>^As( I : and, when the (‘hioride is treated 
with zinc, cactHlyl is prodmaMl. tls analysis and the 

detennination i>f its molecular wt'igin lt‘ad to the h>rmnla 
As..('dii 2 . which in all prol>al>i]i( v slionM be represented Urns: 

({ IlO I . ( acodyl .‘tpptairs thus as a (‘ompound analogoiis 

to tlie iiydrazim s nd’ernal to above. (Sia- p, 

Noik roii vSj ri)v;N r. — In what does tlie analogy (a»nsist? 

Many d<‘ri\ atives of cacodyl have bcim mad»*, but their study 
would Intrilly l>e })ro(itablc at this stage. 

l>y treatimg the <‘]dori(h\N of sHieon, l^oron. aud many of tlie 
inetais with zim* ethyl. Zu(( many similar ethyl deriva- 

tives liave been made. 

Zinc ethyl itself is made by treating iodoethane, ( 'Jlyl, 
witli zinc alone or with zine sodium : — 

ZnXa, + - Zu((UI,02+ 2Nal. 

It is a liquid l)oiling at lIH'v It takes tire in the air, and l>nrns 
with a white hatne. 

Sodium-ethyl, C,Hr>Na, can Ik^ f>l>tained in combination 
with zine ethyl by tnaiting th4f latter tvitli sodium. l>oth tliese 
j^jompounds Jiavc betm used to a eonsideraljle extent in the syn- 
thcBis of earl Km compounds, partienhuiy the more complex 
hydrocarbons, and they will be fre(|uently referred to in the 
following l>ageft. 
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Notk for 8ti7ivrxt. — What is formed ^vhon sodium methyl and 
rarbon dioxide arc; allowed io act upon each other? • 

» 

Many of the «l(a-ivaliveB, like the above, are volatile liquids. 
Such, for example, are inereury idhyl. ^duminiiiin 

ethyl, Al(C2ir>yo lin letretliyK Sn(('JI;,)^, and silieou letrethyl, 
8i(C2ll5)j. The study of tlies(^ eoinpounds has ])eeii of assist- 
ance in enablini:^ clietnists to deleriniiu^ the atomic weights of 
some of the elements which do not foiiii siniple volatile 
coni|)ounds. 

Rktkosi’kct. 

In the introduciory chapbu' (p. lb) these wonls were used in 
descril>in^ tin* |)l;in to be followed : “ Of th(‘ lirst staaes of 
liydroear]>ons hvo inenil>ers will be considiued. I'tien tin* de- 
rivatives of these two will be taken ii[). These derivatives will 
serve admiraldy as represmitatives of tlie eorresponding deriva- 
tives of oth(M' livdi‘oeai']>ons of the stiine serii's and of other 
series. I'lndr eharaeteiistics and their relations to the hydro- 
earbons vill be dvvOi upon, as well as theur relations to each 
other, 'riius, by a eonq>avativt‘ly (dose study of two hydro- 
carlK)us and tlieir derivativi's, we. may acipiire a knowledge of 
tlie })rineipal <dasses of the compounds of carbon. After tliese 
tyi>ical dmavatives have laam considered, tie* eiitirr* series of 
hvdrocar])ons will be takmi up only sucli facts being 

dealt with at all fully as an‘ not illustrated by tbe fust two 
memlxu’s.'' 

In accordance with the {dan thus sketched we have thus far 
vstudied tlie {»rinci{)al derivatives of the two liydrocairlious, 
imdliane and ethane, so far as these derivativi'S re{>resent dis- 
tinct (Tasses of com|)onnds. These derivatives were classiliiHl 
lirst into ( 1 ) those eontluning halogens: (2) those eoutaiuing 
oxygen; (.1) tluise ciailaining siili>hiir ; and pi) those contain^ 
iug nitrogen. On examinitig eacvh of t!u‘S(‘ classes more closely, 
we found that the halogen derivtttives, such as chlorqnetluine, 
brom-ethane, etc., bear vtuv simple relations to each other. 
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We found thut under the head of oxN'geu ilerivalives, the most 
ftujHjrtant and iao:|t <listinetly eluiracteri.stic derivatives of 
liydro-earhons are met with ; as. the alcohols, ethers, aldehifdes, 
adds,, etJ^ereal salts, ami koto/ies. T’ht* sui|>hur derivatives, 
sonu' of whieli eioscly n'Seruble tlu* oxygcai <lerivatives, iiielude 
the sulpha r aleohols or an rcapfa fos, sulphur ethers, iuid snlphortie 
adds. 

On beginning Uu* eonsideration of the introgen derivatives 
we found it desirahle first to take u{) eertjiin derivatives eoti- 
taiuing the eyanogen givMip. among vvhieli are cyanogen, hydro- 
cyatjie acid, eyatiie aeid, jukI siilphoeyanie aeid. Many int<u’est- 
ing i‘;irlsM\ e* »m{>uinid,^ iwe rloseiy ri late<l to these fundamental 
cornpoumls, Siufj. for exaitit'Ka are the iojauides ami earha- 
viluj'S, the r //a, fates and isruu/a u.a.t*'s, th«‘ sid jdto-ipa uates and 
iso-Sfd^fhfi-rt/a //.a ff's or /imsftt rd-t/ds. J''olio\ving tlie eotnj>ointds 
related to e’Vanogen, we *o*ok up the inten^sting compounds 
wliieh art* related to annnonia. the suh,stdu/ed avimeatHts or 
amihes, d lien came the ud irf-derirati n s ; and. finally, tlie 
com}s)iinds of Vlte hydrocarl>on r(‘si«im\s or radit'als with nn^tals. 

It is of the giaaitest iuip<»rtam*(‘ tliat tiie student shotiUI 
master [jrecefling |M>rtion of this b<M»k. If hi‘ studit'S care- 
fully the reactions wliit h have l>een considered, and whieii are 
statements in ehetuicai language whieli ti'll us the eonducd of 
the vari^rtrs ciasses of <lerivaliv(‘s, ami if he performs the ex- 
periments which have iH*(‘n des(*ribi‘<L )h* will have a fair genend 
knowledge of the kimis of ndatiiuis whir^li are met with iy eon- 
nection with the e(.)mpoumls of earbon tlirough the whole field. 
AvS stated in the Introdnericm : •* If we know what derivatives 
one hydroc^arlxm can yield, wc* know what derivatives we may 
expect to find in tin* ease of (*ver\' otlau’ liydrocarbon.’^ 

The more tlie student jiractiscs the use of tln^ ecpiations thus 
rfar given, ilic bctte-r he will be pr(‘|>ared to follow the remain- 
ing portions of the book. Indeed, it may be said that, if he 
thoroughh- understandH wdiat has gone before, what follows will 
api>ear extremely simple. Whereas, if he has failed at an^^ 
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}K)int to catch flic exact uieaning, if he has failed to see the 
coiiDcctioM, lie ha<i better go back and fajtlifiilly review, or be 
will soon fiiul his luind hopelessly muddled, and relations which 
are as clear as^dav will Ik‘ concealed from him. 

A v(‘ry t'XccllcMt j)jactice is to trace (‘onnectioiis Id’tween the 
ditTerent classt's of com|>oiinds,*»aud show how to pass from one 
tir the oth(‘r. 'Huis, for exaniph*, (1) slow I )y what reactions 
it is |)ossi})le to [>a.ss froni marsh gas t<:) a(*etie acid. (2) How 
cun wc pass from ordinal^' alcohol to ethylidciie ciiloride, 
( 'll,.. .( (*>) What nuu'tions would cna)>h‘ ns to make 
metiiyl-aininc from its I'leinents? ( I) How can acetone be 
made from mcth\ l-amim* ? (b) What reactions are necessary in 

order U) make ordinary <‘tli(*r from clliyl -amine ? etc., etc. It 
is well in this sort (d* jiractice to seh‘ct what aj)peiU' to be the 
(*los(vlv -related coin|)ounds. and to sliow^ then liow we can 
pass from om* to tlie other, l>c sure to select represeututives 
of ail the classes hilhcrto mentioned, and to bring in all the 
im])ortant rcactioub. 
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THE HYDROCARBONS OP THE MARSH-GAS 
SERIES, OR PARAFFINS. 

Thf. of tho liomoloiiori.-; scrit-s of hvf lro<*:irl)ons b(‘- 

ginning with rnt thaiit* ami ♦/tliaiH' was .^}a>kon of iM for** its iir.st 
two iiH^nibi.as A g('i>ri:»l ibra of tin" 

of tin" snrii's, and of tlin nann's to dosignatn tlin lUfijilxTs, 
may b<" gainiMl from tin* b»llt>wing tai>b‘ : — 


MARSH-GAS HYDROCARBONS. 


pAUAVt INvS. -- 


1 lY max AlUJoNs. ( , II 


Alolhano 
KthaiU' . 
PropaiM" 
Butann . 
Pen tana 
f lex an e 
Heptaiu* 
Octane . 
^V>nan(‘ 
f)odm*atH* 
Ileedecarie 


. . (II, 

. . (dl, 

. . (,ll, 

. . (.Ho 

. . (dl„ 

(‘Jin 
• - <’db,: 

. * ( VI I,. 

. . (Jl,, 

■ ■ OJO 


gas. 

ga,s. 

. ga.s, 

, rv 

. 7 n\ 

, hcH. 4 '"\ 

. l:?bA 
. ibsA 

. 27 HA 


Idle explanation of tin' nanarkable relatb^n in (a)in[>osition 
Existing between thesi* mernl>erH, a relation to wliich tin* niiMK^ 
Aowofo/;// is given, has aireaxly lH*en referred to (p. 22). The 
nunilter of liydrogen utorns eoiitaiMe<I in a riH^mlicr of this serjCH 
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hears a constant relalioti to the numljcr of carbon atoms, as 
expressed in the general forimihi 2 *. On exarnming th« 

cohunn headed lioiling-Point ” it will he seen that, as we pass 
njivvani in tlu; seiies, tlie hoirmg-[)oint beeomes higlier and higher, 
d'lie lii'st three iiKanIx'Js are gases at onlinary tein[jeratdres, while 
IIk* last boils at I’h** (devation in the boirmg-[)oint is 

to^rfoMie extent regular, as will ]u‘ ol>s('r\(‘d. ddie dilTerence 
bi‘tween butane, ^ jUi,.. ai»d pentaiu\ O llju is ;bs — I == 37'^ ; 
that lietween })entaue and t lie* next UKunber is 7t) — :hs = 82"" ; 
b<*twe(*n liexatu^ and ja^ptane it is 8S. 1 - 7t> -rz *J.S. }'^ ; l>etween 
hejdane and oetaue, 1 27> ■— 1 ; and. Hnaily, between 
octane and leMiaiie the diirertaua* is l hS~12o — 28\ Thus it 
will he seen that tiie ('h'valion in boiling-point caused by the 
aeldition (.»(* ( Ih. dt ereast^s as wi* pass ij})vvard iu the series. 

( )the!‘ rtdatious (lave htaai {>ointed out. hut it wouhl })e prema- 
ture to discuss IIkuu here. 

d1ie chief nalin al source <.>f the parailius is ])e1roleum : but 
although tins subslaiua*. which occurs iu su(‘h euoruious (|uaiiti- 
lies in natnrea undoubtedly contains a nimiluu' of the lueiubers 
of tile paradin series, it is au (‘Xlreuiely <litlieiilt matter to 
isolate tliem lV<»uj the mixture. Iholonged fractional distilla- 
tion is not siillit ieiit for tlu' jair|)os(‘. If, jiowe\’eiy some of tlie 
purest })i'()dueis whit'h can thus l)e oltlained are treated with 
couctmtraled siilphiuT* acid, and afterwards with concentrated 
nitric acid, and tlien washrul and redistilled, they can be 
obtaiiuni in ]>nr(‘ eondition. 

Petroleum. — Petroleum occurs in tuionnous quantities in 
several places. Among tlie most impoilanl localities are 
Pennsylvania, the ( riinea, the ( aucasus, Persia, Burmah, 
Cliina, etc. In some places it issues constantly from the 
earth. Psually it is necessary to boro for it. When one of 
the cavities in which it is contained is punctured, the oil* 
is forced out of a pit>e inserted into the opening in a jet, in 
coiiBequenco of the pressure exerted upon its surface. As 
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first obtiviruHL it is usually a dark, \ elltnvish-gi-eon li(]uid, with 
inii uu|vleasant odor. It varies in :i|>|»caranee aeconUng to the 
plaee in whieh it found. American iu^troleum contains the 
lowest ineinlKM> of the parailin series; anti wlien the oil is 
eMj>oseti *to file air the gases are given oif. 

Rrjitiinfj (^f pitrnfeum. 'Fo rendtu’ jaUroituun lit for use in 
it is nee<\ssary that tlu‘ v«>latile portions shonlt* be 
remo\ed, as tlu'y form e\j>losiv(‘ mixtures witli air, just as 
marsh ga.> It is also necessary to remove the higher 

boilinir }>ortions. because they an* semi-solid, and would clog 
the wit/ks of the iamj>s, "I'lu* crude oil is therefort* subjected to 
liistilliition. aiivl only thost- parts \vhi<h have a (XM'tain s])ecihc 
gravity oi’ l>oil f>etwi'cu certain jMvints art* used for illmnimiting 
|>urpost*s, undei' (la- nanu' of /e rtist uv. licsides being dislillt'd, 
the <jil innsi further b(‘ treated with conc(mlratcd sul[)hnric 
acid, which removes a nnudM-r <>f itndesiralde substanc(‘s, and 
afterwards with an alkali, and then with wabu’. All these 
process(\s taken togetiie?’ <'e>nstitttte what is called the refining 
of |>etroleitm. In the distillation, (he liglittr [irodnets tmt 
usually divaled into several parts, aeeruding to tile spccilie* 
gravity or lioiling-poinl. 'Finis we iiave the pniihiets cv//o.>^7eae, 
rhigolrn* „ , naphthn, and ht-nzlitv, all t>f w hieli are 

lighter than kerosmno It must \*v distinctly understocHi tiuit 
the .substances here mentiomal are not ])ure chemical indi- 
viduals. The names are commereial nanus, each of which 
applies to a eomjdex mixtnn- of liydroearbons. From (he 
heavier {>rothiets, that is, those that boil at higlier U^mptuie 
turcB tlmn the higlK‘st limit for kerosem*. jfitraffin, whieh is a 
mixture of the highest members of this scritfs, is made. 

Owing to the danger attendant upmi tiu* use of improperly 
lefmed petrohmm, laws hav<^ lietm^ emn*led relating to the 
propi*rtics which the kiu’osmie exj»osed for .sak* must have. 
These laws, which differ somewhat in dillerent countries and 
different parts of the same country^ relate mostly to what is 
called the Jlashing-point, This is the temperature to whieh the 
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oil must be lieated before it takes fire when a flame is applied 
to it. The legal fiasliing-point in many 4 )arts of the Uniteti 
States is 44^. A simple and accurate instrument for deter- 
mining tlie fiaf^iing-point is here deseriV)ed : The cylinder A 
is at least 2.'/"* in diameter, and at least H/"* long. Just 
within the cork tlie bent tube contracts 
to*?l small orifice. At d it is connected 
with a hand-bellows or a gas-holder ; and 
thtr flow of air is controlled by a pineh- 
cock. The cylimler is filled with oil to 
a point siuh (hat, when the air is run- 
ning, tiie surface^ of the foam is aliout 
ry'm Oie to|> ; and it is then put 

ill a water-hath to the level of (he oil. 

Air is now jiassed tlnough dA/. and c so 
adjusted that about 0.r>‘‘"‘ foam is kept 
on the surface of tlie oil. From (iegri*e to degree the test is 
made by bringing a small flame for an instant to the mouth of 
A. At the llashing-point the vaiior ignites, and tiie bluish flame 
runs down to the surface of the oil. 

Kx'iH'rliuciit 31. Mak(; an apjiaratus like tlic above, and determine 
tlie ila^liiiig-iioints of two or three si>ecimeiis of kerosene that may be 
available. 

Synthesis of the paraffins. — Although the paratllns occur 
in nature, aiid a few of them can be olitaiiied in pure condition 
from natural sources, we are dependent upon syntliejical oper- 
ations [lerfonned in the hiboratorv for our knowledge of the 
series and tlie relations existing between them. 

We have already seen how ethane can be prepared from 
methane by treating methyl iodkle with zinc or sodium, as 
represented in this ecpiation ; — 

dial + CHgl 4- 2 Na == C,ll64- 2 Nal. 
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'riiis methoil has heon t'xtonsivoly uschI in llie buildino; vip of 
tuirher iiienibers of jlit* staiis. "riins from (‘tham' we can make 
ethyl i^xlide, and ]>y treatinijf tins with sodium get hiitane 

( JI J -h C .11.1 + 2 Na ( ,11,, 1- 2 Nal. 

Hut we can get tiu' intonm'diatr tnernbta-. |>roj>aiie, (' JIs, by 
mixitig iiKUiivl iodide and ethyl iodide and Irtaating the mixture 
witli scxlium : — 

did -f (vn,l + 2 Na -= ( ILl'JI, 4- 2 Nal. 

Hv applving this metliod. it is plain that; a large niuabt r <4 the 
memhers of thr paratlin serit'S inigiit he made. 

Another nnlhod consists in treating i(u' zinc coin})onnds (>f 
the radicals, like* zinc ctliyl, Zn (Cl 1.,,) ,, vvitli the iodi(h*s of rad- 
icals. 'riuis zine inetliyl arid methyl itwlidc give* lAhane ; zinc 
ethyl tnid ethyl iodiile* give hutam* ; zine ethyl and methyl 
i<xlide give pro|>am*, etc. : — 

Zn(( IL), f 2CF11 -r. 2Clh; +ZnL; 

Zn(ClC). + 2 ( 111 2 ('ll,, + ZnC; 

ZnfClC), h 2 (HI 2 (1C + /uL. 

Farailiiis can he made- by rep]a(*ing the halogt'ii in a su))slitii- 
tion-|)nxhiet t>y hydrogen. 'Chi-s can be etl’ected by nascent 
hydrogen or lyv liydricKlie acid : — 

(’ll! 4- 2H - (JIC, + HI. 

Finally, the jraralllriS can be rmuh^ by Inaitbig the ueids of the 
formic acid series witli an alkali. Idtis lias lieen illustrated by 
the preparation of marsh gas from juvtie acid by heating with 
Jinic and caustic jiotiish. The rf*a(!tion uiay be written thus : — 

(!IC.C:(d,K + KOll = CMC + CICK,. 

The products are a hydror^arbon and a caribou aUu 
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Isomerism among the paraffins. — It has alreach i)(*en 
BUited thut the evidonec is ahiiost (a)nc*Uif^ivo that each of tho 
four hydrogen atoms of marsh gas ))ears th(‘ same relation to the 
(‘arbon, and hei;ee we b<‘)ieve tliat, as regards the iiattire of the 
}>roduet, it makes no {lifTereu(*e wliieh hydrogen atom is replaced 
])y a given atom or radical. According to this, as (dhaiie is the 
m(?r!)iyl derivative <^»f marsh gas, it makes no dift(irenee which of 
the hydrogen atoms of inarsli gas is rt‘j)laeed by the methyl, the 
piodiiet must always be tin* same, or there is b^t rme ethane 
possible aeeordinq to the theory, Tliis is rt^ja-esented by the 

n 'u 

t i 

formula, II -C-C H, or n,C- 01^. In ethane, as well as in 
( i ' 

IT II 

metliane, all tin' liydrogen atoms bear the same relation to 
tlie ni»)le('iile, and it should make no dilbnaaiee wliieli one is 
re{)la<*v‘d j)y methyl. Ibil jiropane is regarded as dmlved from 
ethaiK' l)v the substitution of methyl for hydrogen; and, as it 
mak(‘s no diflereius' wliieli hydrogen is replaeial, there is but 

0) te propane possible. Only one has ever been discovered, and 
tliis must Ik* re|)rt‘senUHl thus:- — 

11 n II 

I I ! 

H C - II, or CI1,.( II.,.CH 3 . 

i I I 

II 11 11 

Now, ^‘ontirming the })roeess of sul»stitution of methyl for hydro- 
gen, it ap|H'ars tliat the theory indicates the possi]>ility of the 
(*xislenee of two coni]>onnds of tlie formula One of 

tlu^se should be oVdained by replacing by methyl one of the three 
hydrogens of either metliyl group of ]vropane. It is veiTCseuted 

1) y the formula : ~ 

II 11 II 11 

lit! 

H - (’ (' ~ V V - 11, or H/\C 1 L.C 1 J,.C 113 . 

^ I I I I 

li 11 H 11 
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The other sliould l)e obtained by ro|)lacing by inetln l one of llie 
4wo hydrogens of {)u' group CH. eoutuined in |)ropime. This 
would give a hydrocarbon of the fonmila : — 

‘v’ll, 

I 

rr. or (di, - ( II CH3. 


H 11 II 

The theory then indicates tlie existciu‘e of two butanes. How 
about tiie facts? dbvo, and only two l)utain^s iiave lHa*n discov- 
ered. I'lie tlrsf. which oi'ciirs in vVincricrtn pctrohainu lias been 
made synthetically by treating etbyl ioilide with zinc: — 

2CH3.CfLT -f- == ( H,.( IL.CILA II, -f ZnL. 

The rnetluKl of syntlicsis chairly shows winch of the two possi- 
ble i.soinerirlcs tin* produ<*t i.s. It is known a.s normal butane. 
It is a gas which can be eoiidensed to a lifpiid at + Th 

The secornl. or isobutane, is made from an tileohol wliich 
will be shown to Inavc the .struetnre r(‘pre.sentr‘d by the formula 

cu, 

I 

(see Tertiary Ibitvi AIcoIh)!. 124), l»v replacing 

I 

Cfl, 

the hydroxy] by hydrogem It is a gas vvhieh beconu*s liquid 
at — 1 7^. 

The difi'erenct‘s betweert the tw<* butanes are observed princi- 
pally in tlicir derivatives, 

Aj»plying the same method of conHideration to the next 
inemlicr of the series^ how many isonuvic varieties of [amtunc. 

niav vve expect to tiiid? 'f hiMpieBtioM n‘Solves itself into 
a determination of the miml>er of kinds of hydrogtm at/oms con- 
tained ill tlic two butanes, or the nmiiber of relations to the 
molecule represented among the hydrogen atoms of the butanes. 


H II 11 

I I I 

H - C --- C ( ' ™ 

I i 1 

H C II 
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Wo can inako this (U'toniiination boat by exaininin^: the striic- 
tnral fornmlas. Take first riornia) butane : -r~ 

n u II li 

I i I i 

Tl c -C - XL 

i i I i 

II H II II 

III liiis there are |)lain]\' two dilYenMit relations represented ; 
viz., that of eaeh of llio six l»ydr<»i^erj8 in tlie two inethvl groups, 
and tlial of eaeh of tla: bair liYdrogens of tlu* two (dX, ixroup.s. 
T)a‘ two j)ossil»]e inetliyl <lerivatives of a hytiroeurbon of this 
formula are tlierefore to be re|)n‘S(mt<*<i tljiis : — 



ii,( .( ii,.('n,.( ii,.( ir„ 


(1) 

• 

and 

H,C .( 

' (H, 

CII, 


0) 

Now, 

^ ^ 1 

taking isolmlaiie, MC --('11^. wc* see 

tliiit it 

consists of 

thre*' 

‘■'I, 

in(‘tlivl groiijis. giving nine hydrogen 

atoms 

of tlie same 


kind, and one ('II ^roup, the hydi'oLTen of whieli l)ears a dif- 
ferent relation to the moleeule from tliat whieli the other nine 
do. There are tlieiad'oni two possible methyl derivatives of 
isobutaue whieti jmist lie rejiresented thus: — 

(IL CXI, 

i ' I 

lie - C lIo.Cll, (:>), and II, C ~~ C - CXI,.* (4) 

1 ( 

(TT, (XI, 

We have, therefore, appa#ently four pentanes. But on eompnr- 
ino formulas ('J) and (.‘>), it will lx* seen that, though written a 
litlli* ditferently, tliey laxally reprt*sent one and the same com- 
pound. Thus the numliei* of pentanes, the (‘xistenee oj* which 
is indicated liy the tlieory, is tlireiN and these are represented 
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by fornnibis (1), (2), and (I). Tht^f/ am all kaoir)i. 'rije 
•iirst in caWM noirmal pentane, tlu> Ht-eoiul iso-pentane or 
di-methyl-ethyl-methane, aiMl the third tetra-mathyl-me- 
thane. 

, r 

It would lead loo far to discuss all the nadhods of prepara- 
tion and tlie pn.)[>ei1ie,s of these hy<in>earl)ons. It will be s(‘eu 
that (lie inetliods of ju'eparaliou show wliat die structures f a 
hydroearlnui is. Di-iuethybi/thyl-iuctliauc i.s made from an 
alcohol w iiicli can i>c siiow ii to iiavt^ the formula 

^ ii.('n.,.cii,(>H, 

(if, 

by repiacinir tin' hydroxyl by hydroiren. Mcnct* its strncturo is 
that rejua^sciihMl abo^•<‘ by iVummlas (2) and (;>). 

Tetra-methybnu'Tham* is made by startinu* with acetomo 
Acetone iuivS been showai to (‘onsist of carbonyl in (’ombina- 
tion with two methyl groups, as re}>n‘senti‘<l in tin? formula 
CH,, it lias al-o Immui shown that, l»y treatiuii 

iuetone with pliosi»honis ptmtachl<jrid(% riu‘ ox\yrcu is n^jflaced 
by c hlorine, ^iviuiLj; a eomjMaiud of tla' fonmila ('ll;,-- 
Now, In' treatini^ this c*hlori<h* witli /.iuc-metliyb the eliloriiu* is 
replaced by mcth\ I tlius : — 

Cll, 

I 

CHa-CCl.-^CH, -f- Ziddld - ( -( ll; + ZuCL. 

I 

CIL 

c 

The jmMact is (ctra-mrthyl-mctliane, and the synthesis tliiis 
ctYeeted shows at once what the stnicLure of the product Is. 

Hexanes. — 7'fjc student will uovx Ih* pre|>arcd to a|>ply tlie. 
theory to the d^dmaniijatiou of the number of hexanes possible, 
ilo will find that there «are live. 'I'hc theory is, in this case a.s iu 
tln> juaHaaling, in perfect ma-ordanec with tlM‘ facts. There are 
five and only live hexanes known. Only the names ami formu- 
las of these will be given licre : — 
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i. Normal hexane, €1131 11,.C1L.( H0.CH2.CII3. 
2: Iso-hexane, CH^.CIL.CHo.CH < 

CH3 

3. Methyl-di-ethyl-methane, CIL.CIK ^ 

CH2.CH3 


« 4 » Tetra-methyl-ethane, 


H.C 

H3C 


> HC-( H < 


CHo 


CH3 

CH3* 


Tri-methyl-ethyl-methane, H.C • — CH2.CH3. 

! 

(U, 

Passinjy upward, wr‘ 11 ml that )frni' 1i(*|>tMues are jx)ssible 
aocordiiig to tlu‘ tht'oi’v, wliile. but Jlrr have thus far l)een 
discovered ; and tl'at. whih^ tln^ory indicates tlie possi]>ilit3* of 
the discovery <>f e/V//de<o^ }iydr«>earhons of the formula CII13, but 
tivo are known. Tlie theonuical number of isomeric varieties 
of the liighest meminu’s of the series is very griait, ]>ut our 
knowlodiife in regard (0 tiiese higliest niembi'rs is very limited, 
and it is ini[ ossibie to say whetlier the theory will ever be 

continued by faels. It may ]»e tliat tliere is some law limiting 

the nnmber of eompliealed hydroearl>ons. It is, however, idle 
to speenlate n{>oT» tlie subjeet at presi ut. It is well for us to 
keep in rnjnd that a th<>rougli knowlotlge of a few of tlie simplest 
members of llie series is all that is necessary for the present. 

On examining the fonnulas used to ex}>rt‘ss The structure of 
the hydrocarivons, wc find tiuit they can be divided into three 
classes : — 

(1) Tliose in wliich there is no carbon atom in combination 
with more than two others; as, — 

Prop'i'w . . . CII,.Clf,.Cll3; 

Normal butane . . CH3.CH2.CH,j.CH3 ; 

Normal pentane . CHa.CHj .CH. ,CH2.CH3 ; 

Normal hexane . . CH,, .CH3 . CHj . GHj , CH3 


and 



118 HYI>K(>CJAKB0NS of the MAIJSH*<>AS SBKIES* 

(2) Those in which there is at lejist one carbon atom in 
combination Avith three others; 


Isobutane 


pTl 


€ 11 . 


Iso^K'ntaue - • • .CIl < 


and 


Isoliexaiie 

T. 


CIIsX’lL.CH^.ClK 


etrii-iuothvl-ethiuie, 


(:>) Those in whicli tliorc is at least oiu; carbon atom in 
combination with four others; as. 


and 


Tetra-inethvi- ) 
methane ) 


Tri-methvl-ethvl- | 


methane 


CM;, 

1 

. (-11, -( -( II,; 

! 

CII, 

CM;. 

! 

, (,H,-C- CM,. 

! 

(II, 


The members of the first »-lass are called normal paraffins; 
those of the second cla.ss. iso-paraffins; and those of the third 
class, nes-iKiraffins. 

Only the members of the sanu- <-lass are strictly comparable 
with each other. Thus it has lieen found that the boiling-iiomts 
of the normal hychocarlK.us bear sinipW relations to each other, 
ami that ttie same is true of the iso-parallins ; but, on compar- 
ing the hoiling-l>oints and other iihysieal jiroperties of normal 
paraffins with those of the iso- or neo-paraffins, no such simp e 
relations are observed. 
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Regarding the names of the paraffins, tlic simplest norneiv 
elatiire in use is that aceoniing to which tiie hydrocarbons are 
all regarded as derivatives of methane. Thus we get the 


luirne cthyl-iiiethane for propane, C 
for isobuhiiie, t 


tri-nie thy I -methane 


CII., 

^ n 

CH, 

CIL 
Cll, ' 

tetra-methyi-incthane, C ^ 

CII3 

1 CM3 

H 


1 OH3 



CHAPTER TX. 


OXYGEN DERIVATIVES OP THE HIGHER MEM- 
BERS OP THE PARAPPIN SERIES. 

We are now to take up the derivatives of the higher niern- 
hers of the paralthi sca’los. just as we took up the derivatives of 
methane and ethane. Not nuieii need be said in t'egard to the 
halogen deri^Mtivl^s. A A*w of tlaan will l)e Antionerl in eon- 
nectiou with tin* (.‘orrt‘spon<Ung al<a»h(:>]s. d’he chief substances 
which will require attention are tiu* aleoliols and acids. 

1. Al( <»iiol:<. 

Normal propyl alcohol, C H .OH. — Wlien sugar under- 
goes fennentalion, a little ta-opyl ah-ohol is always formed, and 
is (‘onlained in tin* *• fuse*! oil.” From this it. can be separated 
bv treating theese portions which lioil bet\v(‘en and 11 (F 

viith phospiioru:^ and bromine*, d ue bromitli'S of the alc/oliols 
present are thus ft>rm<‘d (what is tin- reaetionr), and tlK‘S(* are 
weparated 1)V fra<'tional distillation. The hromith* cnrrest>ond- 
Ing to propyl alcoiiol \s tVicn conwaied iut^> the alct»hol {how 
can tiiis l)e done ?). 

It is a colorless liqni'l with a pleasant rxlor. It boils at 
(compart with tlu* 1/oiling-points of inetliyi and ethyl alcohol). 
It conduets itself almost exactly like the first two memhers of 
the series. ]>v oxidation it is eonserUMl into an aldehyde. 
(b-H/). and an af:i<i, (bll/b, whieh fasti' to it tlie same relations 
that acetic ahh liydc an<l acetic acid f)ear to ethyl alcohol. 

Secqpdary propyl or isopropyl alcohol, C3H7.OH. — 
The reasons for regarding the alcohols as hydroxyl derivatives 
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of the hydrocarbons have been given pretty fully. As the six 
hydrogen atoms of ethane are all of the; same kind, but one 
etiiyl alcohol appears to b(i possible iiixl only one is known. 
Jiut just as there are two Imtanes or methyl dt*rivatiyes of pro- 
pane, so tiiere are two hydroxyl derivatives ot‘ propane ; or, in 
otllSr words, two |)ropyI alcohols, 'fhe first is the one obtained 
from “ fusel oil.’' th(^ other is the one called secondary propyl 
alcohol. This has alix'Mdy l>een referrtMl to under the head of 
Acetone (sec p. 72), where it was stated that a(*otone ivS eon- 
verted into sec(milary propyl alcoliol l>y nascent hydrogen. 
We are, in fact, dependent upon this method for the prepara- 
tion of the ale#iol. 

It is, like ordinary pro|>y] alcoliol. a eolorh'ss li([uid. It 
boils at While all its reactions sh«>w^ that it is a liydroxide, 

under the intlucjice of oxidizing agents it conducts itself quite 
ditlVu'imtly from the alcoliols thus far considered. It is con- 
verted lirst into acetone, whicli is isonicric with the 

aldehyde obtained from ordinary }>roj>yl aleoliol ; l>v further 
oxidation, it however does not yiehl an aeivl of the formula 
as we should expect it to. but breaks down, yielding 
two simpler acids; viz., formic aciil, ('IL.O.j. and acetic acid, 
CAW,. 

Secondary alcohols. — Se(*ondarv ]*ropyl alc<>lu>l is the 
sim[)lcst repre^i^•ntati^'(‘ of a el.‘v>s of’ jtleohofs which are known 
as .sreoz/df//// ri)ey arc made }\y fia* kt lones 

witli nascent h\<irou('n. and are easily distinijfuishcd fr<>ni other 
alcohols by their conduct towards oxidizing agmits. 'riiey 
yield actdoiies containing lla* same nnmbcr of carbon atoms, 
and then lu\‘ak rlown. yielding acids containing a smaller num- 
ber of carl am atoms. ^ 

Is there anything in llu* stnuUure of thest‘ se(‘ondary alcohols 
to suggest an explaualion of their conduct? Secondary pro- 
jiyl alcohol is made from aeetom* by treating with nas<*eut 
hydrogen. Acetone <-ouLiins two nudhvi groiijvs and carbonyl. 
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m representi'd bv tbe formula OIIj— CO— CHa. The aim* 
jjieat change that w(> can imagine as taking place in this com- 
pound under the inlluence of hydrogen is that represented in 
the following ecjuation : — 

CII 3 -CO-C 11, + IL ^ Cn,-CH.OII-CH,* 


The very close connection existing between aotdone atid secoiui- 
ary propyl nleohob and the fact that there ai*c two methyl 
groups in acetone, make it appear probable that there are also 
two metln I groujxs in sca‘ondary propyl alcohol, as represented 
in the above equation. On the other hand, the easy transfor- 
mation of primary projn I alcohol into pro|)iofiic acid, which can 
be shown to contain cth\ l, shows tliut in the alcohol ethyl is 
present. Therefore, we may conclude that the difference 
lietween priinary and secondary i)ro|)yl alcohol is that the 
former is an ethyl derivative and the liitUT a di-inethyl deriva- 
tive of methyl alcohol, as represented by the formuUis : — 


€ 



C’IL,-CIl3 , 

H 

H .J 

I I I 

" 

' OH ' 



CH 
f II 
11 

OH 


3 


M«thyl alcohol. 


KthyJ riiOhyt alcohol or 
oiilinary propyl al. 
cohol. 


Dimethyl methyl alco- 
hol or eecoudury 
j)r(>pyl aicohol. 


l^imar}^ pi'opyl alcohol is mathifl (fkohol hi n'hkh one hydrogen 
u repiw'ed hy a vadimL while sect>ndary i>ro}>yl al(*ohoI is 
methyl olcohol in trhirh tiro hydrogens ore rephiced hy riidicals. 
An exammation of all secorulary alcolads known shows that 
the abo%"e statement can be made in regard to all of them. 
They must be regarded as derived from metliyl alcohol })y the 
replacement of two hydrogen atoms by Vadicals. The alcohols 
(jif the first class, like methyl, ethyl, and ordinary propyl alco- 
hols, which are derived from methyl alcohol by the replacennmt 
of one hydrogen by a radical, are called primanj alcohoh. 
Another way of stating the difference between primary and 
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secuDdary alcohols is tins : Primary alcohols contain the group 
CEPOR ; secondary alcohols contain the group CHOH. Thes5 
statements necessarily follow from the first ones. 

A primary ajoohol, when oxidi/A'd, ^n'clds an ahieliyde and an 
acid containing the same number of carbon atoms as the 
alcohol does. 

secondary alcohol, when oxidized, yields an acetone, and 
then an acid or acids contiiining a smaller number of carbon 
atoms. 

Recalling what was said regarding tlie nature of the changes 
involved in passing from an alcohol to tla* cones]: Kjodi rig alde- 
hyde and acid, we see that the formation of the acid is impossi- 
ble in the case of a secondary alcoiiol. In the case of a 
primary alcohol, we have: — 


u 



II 

C J II 

1 

C - OH 

II 

1 o 

1 0 

on 




Ah-oliol. Aldr'liydo. Acid. 

(n the case of the secondary alcohoU we liave : — 



Further introduction of oxygen cannot take place without a 
breaking down of the coni|)onnd. It will be seen ^that the 
formuhus used to express the strnetiire of the comiX)unds are 
remarkably in accordance with the facts. 

Butyl alcohols, C 4 Hy.OH.~ Theoretically, there are two^ 
possible liydrox}! dm’ivatha's of eacli of the two butanes, 
making four butyl alcohols in all. TIua' are all known. Twm 
are primary alcohols. 
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1. Normal butyl alcohol/CHsX'HaX Ii.X'IL 

i 

i ( 'Ti 

2. Isobutyl alcohol, ^,^^^*>011.(112011. 

The third- is n derivative of nonaal butane, and is a seeondarv 
uieohol. 

OH 

3. Secondary butyl alcohol, OM jATL .011 < . . This 

( ll.j 

alcohol is prepared by treating etliybiiietliyl ketone with nascent 
liydrogen : — 

CIL.CHi,-CO--CII, + IL 

on, 

(Oompare tliis with the reu<‘tion for making st'condary propyl 

alcohol.) CIl, 

! ' 

4. Tertiary butyl alcohol, C OH. Tlu‘ fourth l>utvl 

i 

CH, 

alcohol has properties wiiieh distinguish it from the primaiy and 
secondary ah^ohols. When oxidized It yi<‘lds neither :ui alde- 
hyde nor an acetone, but Invaks down at on<*e, yielding acids con- 
taining a smaller nmnl>cr <;f carbon atoms. AsBuming that every 
primary alcohol contains tla* gronj> ( Il^Oll. and that every S(?c- 
ondary alcohol contai/is tlie grou() ( llOM, it follows tliat the two 
primary butyl alcohols and secondary butyl alcohol must have 

the formulas above assiirned to them ; and it follows fnrtlua*. that 

(11, 

! 

the fourth butyl alci>hol must hava^ tin* formula (dl, - (--OH, 

I 

• CH, 

as this represents the only otlau’ arrangtaiumt of Hie eonstituents 
possible, according to our theory. Tin’s formula r(‘|U’csents a 
condition wdiich does not exist in cithei^thc primary or second- 
ary alcohols. It is methyl alcolujl in which all the hydrogen 
\toin8, except that in the hydroxyl, are repla<*ed by methyl 
groups, and it contains Uie group (J— (Oil). Such an alcohol 
is known as a tertiary ak'oholy and the one under consideration 
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t 

is ealliH] tertiary butyl akohoL It is the simplest derivative of 
a class of which but few members are kiiowi;. 

T\'i*tiary V)utyl alcohol is made 1 >y a complicated reaction 
which cannot (msily be interpreted; viz., by treatiyg acetyl 
chloride, ClIo.CTKI, witli zinc methyl, Zn(Cn;/)v. These two 
substances ujiite, forming a crystallized compound ; and, when 
this is treated witii vval<‘r, it breaks up, yielding several products, 
among which is tertiary butyl alcohol. l>y taking other acid 
chlorides, mid the zinc compounds of other radicals, other 
tertiary alcohols inav be olitaiucd. 

(Jhar(iHerii>tk'^ of thu three (JJas^ieH of Aleoltf)!,^. To recapitu- 
late brielly, we find, in studying tlie hydroxyl derivatives of the 
hydrocarbons, tliat tlnyy can ])c divided into tiiret? classes, ac- 
cording to llieir condiu't towards oxidizing ag(mts. 

To wliat was said above regarding the conduct of 
and jsiec*ondarv ah-ohols w(‘ (am now add : Tertiary alcaihols 
yield iieitber aldehydes nor acetones, but break down at once, 
yielding simphu' acids. 


The 

general forinnhi: 

j rein’eseiitiiiy these ttiiee 

kinds of aleo- 

hols ai 

rt', : — 

R 

Oi 

, H 


H 

C-j |j and C 

. 1 

1 r 


Oil 

'OH 

' OH 


^ I’rirnitry. 

StH'uiuiury. 

I'ertiary. 


Note fou Stcueni’. — Show liow the fonmihi for the tertiary alco- 
hols is in acfMjrdiuict^ with tlie fact thtit these alcohols do not yield 
aldehydes nor ketones. 

? 

Pentyl alcohols, G.Hn.OH. — These aleohols are the hy- > 
droxyl derivatives of the |)entanes. hhght are ]>ossible, and 
seven of tliese are known. Only two of them need be con- 
sidered licre. Tluvsc are the so-called amyl alcohols. 
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DKRIVAtrV^ES OB' THE FARAFFIIhS, 


, Inactive amyl alcohol, > CH ~ CHj OH^OH. 

This alcohol, together with at least one otlier of the same 
composition, forms the eliief part of the fusel, oil obtained in 
the feniicnitation of sugar. By fractional distillation of fusel 
oil oi-dinary eoinmeroial amyl alcohol is obtained, tis a colorless 
liquid, having a penetrating odor, and boiling at 131^ to 132^. 
This can be separated by other methods into two isomeric 
alcohols, one of wliich is inactive amyl al(‘o]u>l ami the other 
active amyl akx>hol. Idie names nvfer to the belaid ior of the 
substances towards jK)larized light, the former having no action 
upon it, the latter turning tin* plane of polarization^ to Die left. 

When oxldize<l. inactive arnyl alcohol yields an acid contain- 
ing the same numlier of carlion atoms, and is, therefore, a 
primary alcohol. I'he acid has l>ecn made by simple reac- 
tions which show that it must be represented by the formiiia 


CH, 

ClC 


><H.CIb.C04I. 'Iherefon 
CM, 


represented by the formula 


*, the alcohol has the Btruotnre 

>cii.cn,.ciiy>H. 


Active amyl alcohol, CH..CH,.CH < as 

has been shited, is obtained, together with the inaetive alcohol, 
from fusel oil. Not enough is known about it to enable ns to 
say with certainty whether the above* fuinmla rejiresents its 
stnicture or not. It is a {irimarv aleoiioi as represented. 

The remaining memliers of t)u^ .s(‘ries will not be ctfinsidered, 
though list of soim* of the more important ones is given 
below. As regards tln^ naming of the alcohols, it is best to 
refer them to methyl alcohol, just as the hydrocarbons are 
referred to marsh ga,s. For thi.s pi^rpose imdhyl aleoiiol is 
culled carbmoL and we th(m get such names as methyl-carbinol, 
«di-ethyl-carbinol, etc., wdiieb convey at once an accurate idea 

^ in not the proper place explain exactly wbat ia nwnint by these expreusloiiH. 
To the student of physics they convey detinile meanings. To one who has not studied 
physics they are meaningless. 
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« ■ ' 

concerning the striictme of the Bubstances. A few illustrations 
will Buflice. Take the alcohols coiisklered above : — 


Ethyl aleoliol is methyl-carbinol, 


rCU, 

J H . 

IH ’ 

tOH 


. CH^CHa 

Priniary propyl alcohol is pthyl-carhlnol^ V < ; 

I OH 


r ciL 


Secondary proj>vl alcohol is di-methyl- 
carhinol^ 


) 

i 


Tertiary butyl alcohol is tri-methyl-axrbhwJ^ 


J CH3 

IH ’ 

^ on 

(- cii, 

I C1I3. 

1 CH3’ 
'-OH 


Inactive amyl aleoliol is isobutyl-cai'bmol^ 



H 

II 


t. Oil, etc., etc., 

a name given to it on account of the presence in it of the iso- 
butyl group CII,. (Ml < . 


The following table will give an imperfect idea of the extimt 
to which th(^ seri(\s of alcohols derived from the 
developed. There are thirti?*^! hexyl aieoliols and thirteen heptyl 
alcohols known. Of mo.st of the higher members but one 
variety is known. They are not im[)orUiiit, except in so far 
as they indicate the possibility of tlie discovery of other 
alcohols: 
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ALCOHOLS OF THE METHYL ALCOHOL SERIES. 

^ Series 


Methyl alcohol 

. . CH3.0H. 

Ethyl - 

. . C.Hj.OH. 

Propyl *' 

. . 

Butyl - 

CJIg.OH. 

Peutyl 


Hexyl 

. . C6H,,.0IL 

Ileptyi “ 

. . (.vn,.,.ori. 

Octyl 

. . c;h.;.oh. 

Nonyl *' 


Cetyl 


Ceryl '• 


Myrieyl “ 

• . cac. ()n. 


2. Aldehydes. 


In genoraL it follows from what has been sai<l conceniing 
the projK*rtii\s of priitiarv aieohoLs. that there should l)e an 
aldelivdc corresponding to everv primary alcohol. Many of these 
iiave l>een prepared. They reseinl>le ordinary acidic aldeliyde so 
cIoBely that it is unnecessary to take tlnan up individiially. If 
wc know the structure of the alcohol from Avhich an aldehydt? is 
formisi bv oxidation, we also know the structure of the aldelivdc. 

Besides the one method for the premia ration of aldehydes 
which fias been mentioned, viz., the oxidation of primary 
alcohols, there is one other wliich should be spiicially noticed. 
It consists in distilling a mixture of a formate and a salt of 
some other acid. Thus, if a mixlare of an acetate and a 
formate be distilled, acetic aldehyde is formed UvS refircsentcd 
by the equation : — 


CH,.C:OOM 

H.COOM 


cr CH3.C011 + M, (;()«. 

AtU‘byd*3». 
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This method has been used to a considerable extent in making 
^ tile higher members of the series. » 

Experiineat 32. Mix ai)out e(iual wcij'hts of dry ailcium formate 
and dry calcium a(/etate. Distil from a small llask. Collect some of 
the distillate in water, and prove that aldehyde is formed. 

3. Acids. 

Formic and acetic acids ar(‘ the first two members of an 
homologous series of similar acids, gcuierally called the fatty 
acids, on account of the fact that several of them occur in large 
(iuantities in the natural fats. 'Idle names and formulas of 
some of tile ]>riuei[)al meinliers are given in the following 
^ table. The reasons for repr(*sentiiig tlie acids as compounds 
containing the carboxyl group, (dTIT have been given, and 
need not here be restabal : — 

FATTY ACIDS. 


. Skkiks ( or 


Formic acid 

. . . H.COTL 

Acetic 

. . . Cll5.C()JI. 

Fropionit^ ‘ ^ 

. . . C2lI,.('OoII. 

Butyric . . . . . 

. . . Cllr-COJI. 

Viderie. 

. . . CFla-COJI. 

Fai>r()ie or ) 

Hexoi<‘ acdd.s ) 

. . . C,II„.(X),II. 

'J 

(Enant hylic or ) 

Heptoic acids j 

, . . CaII,*.CO,H. 

Cap ry lie or | 

Oetoic acids j 

. . . cvii„.co,ii. 

Pelargonic or \ 

Nonoic acids ] 

. . . CsHu.COjH. 

Capric acid . . . . . 

. . . CsHjv-COjH. 
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derivatives of the FABAFFIKS. 


Laurie acid 
Myristic ; 

Paluiitie 
Margaru* 
Stearic 
Arachidic “ 
Behcnic 
Hyenic ‘‘ 
Cerotic 
Meli^ij^ie 


CnHjs-COsH. 

C«Ha.CO*H. 

CijHM.COaH. 

C,eHs,.COsH. 

c.^H 4 »co,h. 

Ca8H,.,CO,H. 

C^Hsa-CO^H. 


Although, as will be soon, a 1 
known, most of tlmni inclmloil 
curiosities, ami need not l>e st 
six iu atklitioM to foruiio and ao 


•gc number of fatty acids, arc 
in the list arc at present inerelj 
udied specially. Not more than 
tie acids will reijuire attention. 


Propionic noid, O.H,OdC,H>.00,H). - rn.|«..m.. , ad . 

tormid ill laiiall 

ft m^Pitic. of iio ioi'K orsiuiio l»rti.-iil«ily aita""' 

U™! iiiKl a i« i.r.-|.«™<l >'■' "“""S 

,tbjl cyai.iite (|iiv.,,io.iiltrilo) witli a..l»tio liotoli : - 


CoHs.CN + KOH 4- Hd> 


= ( yik.COoK +• Nils. 

Other methods for prejiaring it are 

(n Bv reducing lactic acid with hydriodic acid. ( 

„ expiated under the heail cl T aetie Acid, .hleh .ee4 _ 
( 2 ) By the action of carbon dioxide upon sodium ethyl . 

COa + NaCaHj — Calf’s .COoNa. 

It is a colorless liquid with a penetrating odor somewhat re- 
»„bli»gtl.atot.cetie«iid. It boil. a. lO'. (Compare witb 
boUing'POlnte ot lormic and acetic acidc.) 
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It yields a large number of derivatives corresponding to 
those obtained from acetic acid. 

Notk foh Stijdkxt. — What is propionyl chloride? and how can it 
be prepared? It i;^ analogous to acetyl chloride. 

The pimple substitution-pjrodiicts of propionic acid present an 
intcr<*sting and instructive case of i.sonierism. It is found that 
there are two chlor-pro{)ionic acid.s, two brom-projuonic acids, 
etc. Tliose products which are obtained by direct treatment of 
propionic acid with substituting agents arc called a-products, 
and the isomeric sultstaiices /J-products. Thus we have a-chlor- 
propkmw and a^mjni-propvjum acid, made by treating propionic 
acid with chlorine and bromine ; and fS-chUrr-propionk add and 
(3-br<j7n-projno/ik add, made by indirect inethods. The differ- 
ence ])etween these two serii^s of derivatives is due to different 
relations between the constituents. Oiir usual method of repre- 
sentation indicates the j)Ossibility of the existence of two iso- 
meric chl<>r-])ropioni(‘ reads, and of similar niouo-substitutiou 
products of propionic acid. The acid is represented thus ; — 

(II3.ClP.COTI. 

Now, if chlorine should enter into the compound, as represented 
by the formula CH 2 Cl.CH 2 .COTl, ( 1 ) we should have one of 
the chlor-propionie acids ; while, if it should enter as indicated 
in the formula CH 3 .CHCl.CO 2 H, ( 2 ) we should have the iso- 
meric product. We have thus two chior-propiouic acids actu- 
ally kmy^vn, and our theory gives us two formulas. How can 
we tell which of the fonaul.as represents a-chlor-propio'.rfic acid, 
and which the /?-acid? We can tell only by carefully study- 
ing all the reactions and methods of formation of both com- 
pounds. The best evidences is furnished by a study of the lactic 
acids, wliich will be shown to be mono-substitution products of 
propionic acid. It will be shown that a-chlor-propionic acid 
can be transformed into a lactic acid the structure of which is 
represented by the formula CH,.CH(OH).COiH, and that, by 
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replacing the hydroxyl of tins lactic acid l>y (‘hloriue, <i-chlor- 
^propionic acid is fonned. It therefore follows tlnit formula (2) 
'al)ove given is that of a-chlor-propiouic acid, and formula (1) 
that of /]l~<‘])l(>r-[>ropioiiie acid. Furllua. any mono-substitution 
pnaiuct (»r propioni<* acid whi<‘li can be inadi^ directly from 
a-chior-pro{uonic acid, or cemverted directly into this acid, is ar 
a-produet, and has the general fonuuni 

C11,.CIIX.( 0,H ; 

and, similarly, tlie /^^-[>roduets have the general l‘ormula 

(n,x i ll. i\)AU 

in which X rejjresents any univalent atom or group. 

Butyric acids, C,H,0 fC .H .CO H). 

Xormifl iin'fK ( 'n ,.(’ir. ,('11_..(_ ( bH. Wjjcn l)ntter is 

lK>iled witli eaustur jjotash. the j)olassium salts of Imtvric! acid and 
of some of the high(‘r members of tlie series are fount] in tln^ solu- 
tion at the end of tht? <»[»cr{ition. Itutler, likt‘ other fats, belongs 
to th(‘ elass of ]>otHes known jts etlienad stilts ; and tliese, as we 
haVe seen, when Ixtilad with the alkalies ar<‘ decomposed, yitdding 
alcohol and alkali salts of acids (sajxmiheation ) . In the case t>f 
butter anti t>f nearly all t>tht‘r fats, the aleoliol ftirmed is <jhmrhi, 
Butyi’ic acitl ot'cnrs also in many other fats besidt'S Initter. 

It is made most rt‘adily by rernjehta.tit)ii of stigar by what is 
known as tiie h*ifyrW acid fermf ut. Tills ferment }>robably is 
('ontaintHl in putrid elieese. lienee, to make the acid, sugar 
and tartaric acitl are dissolvctl in wattT, and, after 'a tiinc, 
certain ipiantitics of jaitrid elieese and sour milk are addctl, 
and also some |>owdmt‘d chalk. At lirst the sugar is converted 
into glucose : — 

CyM^Ou -f n/> - 

Cane fftigar. (ilucowe. 

The glucose breaks up, yielding lactic acid, 

2 CgllgO^. 

OIucowj, LacUc add. 
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And, finally? tlie Ia<‘lie a(‘id is converted into butyric acid: — 
2C«IJ/)a - VWX + 2 ( ()4-f 4 11. 

Other rnethod.s for tlie prefmnition of liutyric acid are: — 

(1) By oxidfitioii of Moiaiial l>utvl ‘alcohol; and ^ 

( 2) P»\" tncitint^ normal propyl cyanide, CIL .OIL .( ’H 2 CN, 
witlj caustic [)otash. 

d'he acid is a rK[uid having an acid, rancid odor, like that of 
rancid butter. It l>oils at (Com|>arc witli the precedinu' 

acids.) Like the low(*r ni* ihIkts of tlie series it mixes with 
water in all [)roportions. 

Ethf/l huhjrate, ( ',11, .(;< ),C ,11,, has a |)Ieasant odor resembling 
tiiat of pimaqiiih's. It is used under tin* name of essence oj 
pineajtph'S. 


CH; 


IvSobutyrio acid, > CH.COjH. — From the two propyl 
alcohols tlie two (*lilori(K*s, |>ropyl chloride. C lb, .CIL 


and isopropyl chloi idio > rilCK can lu* 
these tile corresjionding cyanides. — 

Propyl cyanide .... 
and Isoproyn l cyanide . 


made, and from 


(4r;.( IL.CHd'N, 
>C HCN. 


( H; 


By boiling witli eanstic, piotasii. thi' former is e(niv(*rted into 
normal butyric acid, as stated above; while tlie latter yields 
isobut) ri(; aeid, > t’ll .('ti.li. This aeid can be prepared 
also bv oxidizing isolmtyl aleohoL > Cil. 011,0?!. It is 

found in nature in the earob l>ean. 

Isol>utyri(‘ acid is a litpiid w liich boils at 15 F. Its odor is 
less un[)leasaut tlnin tli>«^ of the normal acid. 


Valeric acids, C..HK>0,CC,H,.CO,Hb - Four carboxyl do- 
rivntivi's of the laitancs are jmssibk*. F'our acids of the 
fornuila ( iue known. 
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Inactive or ordinary valeric acid, 


> CH.CH..CO,H. 


— Tiib acid is iiiadc hy oxidizinj^ ina(‘tivc nuiyl alcohol. It 
can also he made (and tliis reartiou reveals the vstnictiire t>f 
the acid) by starting with isobmyl al(a>h()l, > (^^f.CJly)j^, 
^'onverting this tirst, into the chloride and then into the (y anidv' 


and, finally, Translonning the <'vanide, which is |.j|' CH.Cdl/’N, 

into the aci<L It occurs in valerian root, wlienee its name. It 
is an un})leasant smelling li([nid. boiling at ITo^. It requires 
thirty parts of Mater for sohition. 

V'lh rutc. ( jIIm .(’<)( -11,1, has the (xlor of apph's, and is 
used under the nanu* of rj'uj'j^lrs. 


Active valeric acid, ^ CH.CH,.CH,* — Tltis acid 
ivS [prepared by oxidatiim «h’ aeli\e ainyl aleohol. Although the 
alcohol tnnis thi' plain' <>f [wahiiizatitni ti* the left, the aeid 
turns it to the right, d'lic ahM)hoI is said lo be (((‘ro^rolatorjf, 
and t]},e acid i}K\rf/'f^-rofKfo"y, 


The higher tu'ids <h the series are. for tlu- most ]>art, fouml 
in various fats, d’hey art' <lil!icnltly soluble in w'ater. T!ie 
higliesl members ai’(‘ solids. Tie* two I.K'st kn<>\\n, liceatise 
occurring in largest (piantity. are y>c///oV/'/- and arids. 

Tla^sc are eoniaim d in eombimation with tin- ah'oli(»l. glvet'rin, in 
all the common fats. Tiie fats will l>e treated imder tlq‘. head 
of Glvcerin. 

Palmitic acid, can be made by s/iponifving 

rn.any fats, leit ('sja-eially from wliu^h it i.s olhained 

mixed M'ith only one otln-r acid. 

It (‘rystalbzf'S in needles whieli melt at 

Stearic acid, C-.H; 3 ..CO.H, is tlie aeid contained in that 
{>articuhir fat known as fitmrln. The >so-call(‘d ^‘stearin ciiie 
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* 

dies ** are really made of a mixture of palmitic and Btoaric 
fieids, and from them stearic aeid can be sc^pa rated in j>are forrn» 
by long-continued fractional erystallizaticfn from ether and 
alcohol. 

It crystallizes* from alcohol in needles or laminae Tvliich melt 
at 

Soaps. — In speaking of the decompositions of ethenial salts 
by boiling with alkalies, it was slated tliat this process is 
called sa]>onilication Ix'caiise it is Ix^st exemplified in tiie rnanu- 
faeture of s<m|)s from fats. 'Flu* fats art; tliemselves rather 
coinpri(*at( d cLlierc'al salts. Wlien lliey are boiled with an 
alkali, as caustic soda, tin' alcoliol is lilxvrated, and the alkali 
salts of the acids an* formed. no/V.s c/c ///c soaps. They 

are in solution aft<'r the proc(*ss of sa])onification is completed, 
and* can be separated by adding a solution of common salt, in 
wlii(;h they are insolublt*. 

KxperiTiieiit ;n'5. Tu an iron pot hoi] ahoiit, 2.>>^ of lard with a 
solution of canstH* soda for two hours. Aft(*r cooling, add a strong 
solutitm of sodhun chloride. The soap will sc]>arat(‘ and rise to the 
top of tile .solution, it will finally solidify. Dissolve some of 

the soap thus obtained in water, and filter. Add hydrochloric acid, 
when the free fatty acids, mainly palmitic and stearic aciils, will 
separate as solids, which will rise to llie top. Tlu* Iivdrochloric acid 
simply (h‘com|)o.ses the .sodium {lalmitatc and stearate, giving free 
[)alnntic and stearic aci<ls and sodium cldoride: - 

C.dl j.f dhNa } IK I XaCl, 

•SeiliiJtn T’.ilinitatc. Pahnitic Acid. 

and rjdl ,,.< '( hNa d HCl Cj/ir Aj | y XaCl. 

Sodium Stearate. Stearic Add 


The remuining derivatives of the higher members of the 
|)ara(fin series include ctluTs, ketones, ethereal salts,. 

riKvrcaptans, sulphur etliers, sulphonie acids, cyanides and 
isocyauides, cyanates and isocyanates, snlpho-cyanates and 
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iBO-sulpbo-eyanates, substituted aiiiiiionias aiul analogous com- 
.[>oun<is, metal derivatives, and nitro-deiivatives. 

A groat many s^ibstaiiees belonging to these (dasses, and 
eontaiiiing residues of tlie higher liydroetirhons. liave been pr»> 
pared aifd studied : hut, in th(i main, they so elosely resemlde 
the simpler suhstaiiees whieh have already betm deserihed timt 
we should gain nothing hy taking them uj> Inu'e individually. 
The stndent, however, is earnestly advised tt) a|)[>ly tlu‘ |)rinei- 
pies diseussed in the tlrst part of tlie hook to a few other eases. 
Thus. h*t hini take pre>j)ane an«l hutaiHu :um1, not only write the 
foniuilas of tin* di‘ri\ ati\e-. vvhirh ean he obtained from them, 
Init, above all. write the tMjuations representing tlie aetion in- 
volved in their iire[»aratioiu and the ti-ansforniations of whieli 
they are eapalde. 

POLYACID ALCOHOLS AND POLYBASIC ACIDS. 

1. ])f-Arif> Al/'eUIOLS. 

The alcohols thus far eonsjdcu'ed iwv of the sinijdest kind. 
Thev eorresjiond to tie* simplest nietallie )iydr« >\i. les, as polas- 
sinm hvdroxale*. Kt)ll. diist iis lhe>e simplest metallir- liydrox- 
iiles are called //cooe-ec/ //usts. so the sirn[)Iest ah'ohols are 
called ^•xpr»‘Ssions which are suggested ])y 

tlK‘ tman an',!, l>ut, is wrll kmovn, tlau'e are 

nutaliie hydroxide>. Ilia* ealeiiim hydroxide, (’a (OH)., hariuin 
hydroxide, Ha (( >11)., ete., wijjeh eontain t wo hydrr)xy]s, and 
arc heiU'e kiaovn as r/Z-n^aV/ ha.'^t s: and so, too. tljeri* are^donrar/ 
(ihvthoL'^ whic'li hear tr) the mon-aeid aleoliols the baiiU‘ relation 
that the di-a.etd bases liear \*) the nam-arld bases. ^)nly one 
alcoliol of this kind, derived from the paraflin hydrocarhons, is 
wadi known. 

Ethylene alcohol or glycol, G\.H<;Od^C HdOH) / — (Hyco! 
Ls 7nade l>y starting with 4‘thylciie, a Indroearhon of Uh* formula 

1 T)m‘ mnnatomir, woiim; wriU'rw, bul, nrt it in confusinK* 

It i« jLjradualJy I'lvius' M’ay io ihe fiiorf? rati**nul abovf’ uwd. 
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Whcm tlm is Ijrou^lit toi^ether witli bromine, the two 
unite (lin'ctly, forming *'tfrj^lehr hromidi, By leplaeing 

t]»e two Ijromine aloms by hydroxyl, ( thybuu' rileoliol or glycol 
is formed . • , 

It is :i colorless, inodorous, sonnnvhat oily li(|nid, which boils 
at 197. rfb It has a sw(M‘tish tast<‘, and is li(aice called glycol 
(from yAtJA'cs', strcty). jlciice, fnrth(*r, the other akajliols of 
this series an* also called ghnuds. 

'rhe (h‘riva1ives of (Uliyhau* alcohol aia* not as numerous as 
thosi' of tli<‘ bett(a‘ knt>wn mcmb(‘rs of the nietliyl alcohol sta'ies. 
but those whicii arc known are of rii<‘ saiiie general character. 
Tla* laan-tions of ijje alcohol aia* llic same as Thos(* of the mon- 
acal alcohols, bill it [Jia'sents more possibilities. In most cases 
in whic.li a mon-acid alcohol yields one derivative, etiivlene 
alet)hol yitdds two. 'rims, with Medium, the two comjKninds, 

sodtnni (/h/cffh ('Jf. an<l di-s'idiauf C,Il, <:^ 

* ‘ * on ‘ ■ * ON a 

etiTi l>e fonneil ; fnnn tlu'sr. by tiaaiting with (‘ihyl iotlid(‘, tlie 
two etlx'rs, e/A ///-p/yeo/ cdur, ^ dl-ii/iul-glycol 

ether, ||| ^'^nde. By treatment w^ith Iiydro- 

•/. .) ^ ,j 

ehlorie aeid, the ehloride, known as efJtyli'ne eJdor- 

Ivfdrine is formed ; and this, by treatment with [)hosp!iorus tri- 
chloride, call he converted into (*tiiylei](^ ehloride. L.. etc. 

Its oonduet towards acids is like that of a di-aiad base. It 
foj’ms nfrol and olroholic .s</[/s, ot wliich the acetates may 
sei’ve as exam[>ies. 'riius we liave the 

Mono-acetide, V.\l^ < 

on 

and the ])i<u'etatey f iHi -s. ^ )( ' j l O ' 

the former still containing alcoliolic hydroxyl and corresponding 
to a basic salt: tlie latter l>eing a neutral compound. 
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The fonr.Mlion of the di:i(‘etate :i step in one ot* tlie meihotls 
of [>repaviiig otliyUlU‘ aU‘oht>l. "I'his inethoci eonsists in treiiting 
ethviene bromide with j>otns.sium aeetnte in alcoholie solution, 
separating the ueetttlos of ethyhme thus forik^ed, and deeone 
posing thesn bv means of barium hydroxide, ddie reactions 
involved are ie[Mvsenled by tlie following erpiations : — 

- ' Hr K(>.{ ,H;(> ■ O.CJLO 

and I dll'- j '' , )1 , ” < ' OH + l'<‘a 


TiiC alcohol ean also bi‘ made l>y treating ethylene liromide 
with p(>^as^inm earbonate : — 

( VII < l’'‘+ - .( ■<) -1- I1.0r^C,H,< + 2Knr+('0.,; 

- ‘ ' I!r KO - - OH . • 

and bv treating lUhvlem^ broinidi: with silver oxide: — 


-i Aa.O + HO=r:= (.'dl,< 
Hr 


OH , , 

on ' ^ 


A<rHr. 


TheM;? rm tln^tls of ru ination show eheirly what ethylene alcohol is. 
Wiien a<‘»ovl chloride acts nt»o>n the alcohol at ordinary tem- 

perattire, the pro<liict has tije formtda ^ • This is 

also formed by the action of liydrochioric acid gas on the diace- 
tate. it seems proliabh', tlna'eforc, that the a('tion of acetyl 
chlor{de‘ be representerl l»y two i'quations; thus: - 

t 

, , , ,, ,()( ., no, oc n,o , - , , 

iuid ‘ ' +011.0,. 

Tlinn! are two ways in wliicli tlic.striietiirc of a compound 
of tlic fornmla Cdl,(eil )0"‘" •><' rcin'chcnted. Tlicy are,— 

CHs(<.)fl) 

(1) I , in wliicl) cadi iiydroxv] is represented in coiuhi- 

f'JHtoit) ' ' ril(()ll }2 

nation with a different eariton atom ; and (2) , in which 

Imtli hydroxyls are represeuteci in conihination with the same 
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carbon atom. Tim question at once .suinjgests itself, to wliicli of 
formulas does ctltybme alcoliol eoi*res])ond? To ans'.^cu’ 
this question, w(» must recall wljat was s i'(*garding tlie two 
di(‘hlor*(‘thanes, known as ('fJtj/h'ue rhlorldc and (ihyluhue ddoride. 
'riie foi’iner of these (*on‘(iS|)onds to. the formula CIfXl.CH 2 CL 
wivile tile lathan which is fornuMl from aldehy<le In' rrqdacing the 
eai’lxmyl oxygen by two ehlorim^ a1om>. is re[)rt*sented by the 
forinnha (‘ 11 ( 12 .( 11 ;;. W'lxm the <‘hlorine atoms of 4lhYlei}e 
eiil<u-id<‘ are n'llaeed by hydroxyl, ethyli.vne alcohol is produced. 

CUJon) 

ITmee, tjje aleoliol has the formula ! ' . or each of the 

liydroxvls is in eomhination with a diffe)«mt earbon atom. 

All attempts to jnake the isomerie di-mad aleohol eorrospond- 
ing If) elhyiidem' ihloridf^ and luiving both l]ydrox\ls in corabi- 
wation wilh the same (,‘arbon atom, as rejui'sented in the formula 
011 ( 011 ..) 

} ' , have faih'd. Instead of uetlimji: (dhvlidene aleohol. 

Oil, 

aldeliydt* is gemu’ally obtained. Aldehyde* is ethylidene aleohol 
minus water : — 

(11 (OH). (HO 

1 1 -b ILO. 

(H, ('ll, 

It is heli(‘vi‘d that om* earbou atom cannot, under ordinary 
eirenmstan(‘<‘s. iiohl \u (*(>ml»ination more tliau one hydroxyl 
group. H this is true, then <‘tliylideur- aha)!!!)!^!!!!^)! be pre- 
pare*! any more tlian the hypoiiielical earbonie acid, 

eaii Ik*. So. too, tlie sim}>lest dhaeid aleohol conceivable, 
viz., methylem* akaliob (^^(OH)., cannot exist, but would 
break up, if formed at^uU, into waiter and formic aldehyde: — 

cil( 0H)2- iioO + H.( no. 

(See discussion regarding the transformation of alcohol into 
aldehyde, pp. ()4-(36.) 
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Etliyl al(X)h<>L jis \va«s poinkHl out, may be roi^arded either mh 
elluine in whicli one hydrogen is rejdaeed h\ hydroxyl, or us 
wuUt in wliieh one hydrogen is replaeint by the ratlieal ('dlv or 
ethyl. P^lhyl, like all tlie radicals eonlained in tlie inou-acid 
aleoliols, ton' vale //L It is ethane Itss one atoin hydrogen, 
just as methyl is metliane less oiu' atoivi of liydrogen. Kacli 
has the {H>wer of uniting vvitli om* atom of liydrogen, or anot4u‘r 
univalent element, or i>f taking the place of om^ atom of 
hydrogen. 

If we tak(‘ away two atoms of liydrogen fi'om metiiane and 
ethane, we ha\'(‘ left tlic ivsidiu's or radicals ('ll,, and ('olfj. 
These can imitc with two atoms <;f hydrogen. take tlu* pla.(‘e 
of two atmns of liydrtigcn, and they an* hence called hivolcnt 
radicals. 


Just as ethylene alcohol may iM‘ iH'gai^dcd as ctham* in wliicji 
two hvilrogcn atoms an* n'|)la<X'd by hydroxyls, .so it ma}' lie 
regarded as water in wliich the bi\ah iu radical ethylene re- 
places two hydrogms lielonging to two diff(*nmt molemiles of 


waka* : — 


( ) 


li 


O 


II 

II 

11 


Two w at*, r. 


() 

() 


11 

( ,n 

II 


i 


Klli.\ Ion? ali.'oh' >1 . 


The higher mcrnbins of the series of di-aeid ah-oliols will not 

* 

be considered here. 

2 . Dm A sic All os. 

Just as ther'e are di-a<*id .ahadiois derived fi’orn (he lairadlns, 
so there are dibasic acids wlfudi may also#!»c regardial as deriva- 
tives of tlie paradins. We have s(*en that tin; sim|jlest acids, 
tMi monoliasic fatty acids, are clo.sidv rclaUal to formic and 
carbonic acids ; tiuit they may be rr'gardcd as dcrivt'd from th(‘ 
latter by rephicemeiit of a hydroxyl by a radical, or as derived 
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from the |)ariifliiiB bv the introduction of the group carboxyl, 
( I'he conditions existing in tliis groty) tire essential to 

the acid propertit;s. If two ctirlioxyls tire in{r<jduecd into marsh 
gtis, a substance of the formula CIL(('(),H )2 is fornied, and 
this is a dibasic acid. It contains two acid hydrogens, and 
is ctipable of forming two serii's of sells, the tieid tind neiitnil 
Stilts, like otlier diliasii' tn-ids. It m;jy lu* I'egarch^d tdso tis 
derived from two moleeules of (‘arbonie ticid }>y tile re[>lae(‘ment 
of two iiydroxyls by the ]>i\:dent rtKliteil ( II^: — 


(X) < 
( ’( ) < 


Two )nolr<'ul«:*s 


on 

OH 

OH 

OH 

cju bnni.r arid. 


( ( ) 
CO 


()H 
: ( iL 
OH 


1 dici.-iv a- •id. 


'rin* genm’td methods of prt'ptiration tivailable for the building 
up of the series of dilitisie acids are modilleations of tliose used 
in intrkiug the inonoluisic tieids. 'They arc' : — 

1. of tlUiohl pr’unortf dust as a mon- 

acid priimtry alcohol. 1C( irOH . yields by oxidation ti mono- 
basic acid, so a di-acid primary tileobol, IC' (( 1 i._OH yiedds a 
dibasic acid, 1C'(( ( ),ll ),. 

2. Trent oftfo' du'ifo Htdex. lv''(CN)., caV/i c({vs(i<: o/Avd/c.s. 
d. O.ridntirtH <T fhc ro-rnlJiot Jiffdni.rfi-oriiJs or oh'olujJ acids. 

These arc' compounds whic'h tirc' til the strini' time* alcoliol and 
ticiil ; as, for c*xanij»]e, hydroxy-tiectie .aeid, whieii is acetic acid 
in whicdi one of the* hydrogmi atoms of tiu' liydroctirbon residue, 
niv'thyl, htis l»een rcjilaced by liydroxyl, as representec? in the 
CIO ) 1 1 

formula 1 ‘ . When tliis is oxidized, the tiU'oholic portion, 

(aijl ^ 

ClLjOII, is converted iiiti^*arboxyi, and a dibasic acid is formed. 
1. From the (‘yanogmi derivatives of the monoliasic acids, 

such as cyan-acetic acid, by the transformatlou of 

the cyanogen giou[) into carboxyl. 
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DIBASIC ACIDS, 


Oxivlio 

MaU>nie 

Sufcinit' 

I'vrotiirtnrii 

AilipH’ 

I’iini lit' 
Suhorie 
Azt'ljuc 
SoUaeio 

Rofcillic 


ncid 


(COJl). 

(•.ii,Aa),ii),. 

OJl),,. 

( ',-,11 yy .;- 


II this li'l "Iilv four or livo <':in 
iiijiv ^■oll^uu• our ;itteiilioii to the 


Of thr many acKl-i iiu lu<l<'il 
be Kiiid to be svell known. 
first four Tiieiulters. 

■jrivin ^‘.CCt Hi ’ In one sense. uceortUno to 

Oxalic acid, 0:HO,oC><J.H),.. m ti.,. senes 

aS::. -o -y 

two bvdrovvls bv a bivalent radieal. Still it is ,n o ber respects 
so <jlos?lv ailie.l to ll.e members of the 

thinuH in common with the other members, that 

oolf'iili • iiiid aH tliC urainoniuiu salt iu guano. 

;.t ,„;lrby ^ acu„„ «t ..itne .CM up™ cej 
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substanceB^ particularly the different varieties of sugar and tli|3 
80-ealied carbohydrates, sueli as starch, celluloBe, etc. 

Kxpcrifiieut 34* In a sood-si/ed iiask pnurlialf a litre of ordinary 
courentrated acid (of speciMc ;ziavity L2t5 ) upon r>flf< of siiirar. 

Ileal i^toUly rintil tlu' n\a<-tioii lu irins. Then withdraw the tlaine, vvhfn 
the oxitlation will inoera'd with some violence, and aecoinpauied by 
a copious evolution red fumes. Wlien the aetlon has ceased, 
evaporate the li(iuid to one-sixth the original volume, and let it 
eool, whr n oxalie aeid will crystallize out. UeerystaUlze from water 
the aeid thus uluaiiu'd, and with the pure substance j)erform such ex- 
periments as will exhibit its i)roperties. For example, (1) Heat a 
specimen at lt)0 , and uotiee loss of waUr; (2) Heat some in a small 
Ihisk witlt sulidiurie acid, anti ]>rovc that both oxides of carbon are 
f(.nncd. 


On thi^ hu' 0 (' scale, oxalic acid is made Ity heating wood 
shavings or saw^diist with ctiustic |n)tash and caustic soda to 
210' to 250'', 'Fhc mass is extracted with Avater, and the solu- 
tion (‘vaporated to crystallization, w’ben sodium oxalate is de- 
posited. 

Other metliods. wliich are interesting from a purely scientific 
point of view, are tlie following : — 

1. Tlie spontaneous transforinatiun of an aqueous solution of 
cy’anogeu : — 


or, really, 


CN 

(’(Ul 

1 + 4 ILO = 

i + 

CN 

(0,11 

CN 

CO,(NH,) 

1 + 4 11,0 = 

1 

CN 

CO, (Nil,) 


2. Treatment of carlxm dioxide with sodium : — 

2CO,-<rWa = t'ANa^. 

3. Heating sodium formate: — 

2H.C02Na = + 2 H* 

Oxalic acid crystallizes from water in mouoclinic prisms con- 
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two molecules ot wiiter -f* 2 11./)). It loses 

this wuter at IhO'^. ^It sublimes witliout d(H‘omposilion at IhO'" 
t<; 100% hut, if heated iiiglua-, it ])reaks up into carbou monox- 
ide, carbon dioxide, and formic acid : — 

2C dl/); 2Vih + ( U 4* lU'OJl + Il/>. 

Snlplmric acid decomposes it into carlxm moimxidc, carbon 
dioxide, and \vatv>r. Heated with gl veer in to 100% carlion 
dioxide and formic ticid are f<»rincd (see Formi(* Acid) : — 

C%H/)4 =- t o. 4- II.COJI. 

It is an excellent reducing agmit, and is vised as a stamlardizcr 
in pre[)aring solutions of potassium pt*rmanganatc. 

Kxperiinont 3,5. Tvy tlu: action of a solution potassium por- 
inaiiganate on iv solution ot oxalic acUl. \V hy is it best to have the 
solution of the ponvuinganatc acid? 

Oxalic acid is an active pois(m. It is used in calico printing. 

SaUs o/o,ro/m ^irid I/ikc all diba>ic acids, oxalic acitl forms 
acid and ncutrtil salts witli metals. All the salt< are insoluble 
except those containing the alkalio. Amojig those- most com- 
mon are the (icid potus^^iijHh ^ C/ddlK, which is found in the 
sorrels or idants of tlu^ o.ro/hs varieix ; the (immunlani salt, 
of which some nrinarv calculi an* formed; and 
calcium oxalate, ( .X)/ a, xvhicli, l>eing insoluble in water and 
acetic acid, is used us a means of detecting calcium in tlie 
presence of magiu‘siuiB. 

Malonlc acid, C.H.Od CH.(CO.H).] — 'I'his ucid wuh 
inude ]>y oxidation of malic acid (which see), and is licncc 
mdled mafrtnic (idd. It can best made by starting vvitli 
acetic acid. The necessary steps are : t:% making chlor-acetic 
acid ; (2) transforming chlor-aiictic acid into cyan-acetic acid ) 
(3) heating cyan-acetic acid with an alkali, 

Notk for Stuj>knt, — Write the equations representing the three 
steps mentioned. 
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It h a Bolid which crvBta]li 2 :c 8 in lamina?. It breaks up at a 
temperatiirc above whi(th is its iia^lting-point, into carbon 

dkxxide and a(Udie acid : — * 

+ ^'^ 2 - 

Notk for Sti’dfnt. — What simple method for the preparation of 
marsli ^iis uiu) other parallins is tins reaction analogous to? 

Succinic acids, C^HuO^C C,HdCO,H) 2 ]* — Considering 
these acids as derived from tdbane Ity replacing two hydrogens 
with earlH)\yb we si‘e that tlu‘re may be two eorr('sponding to 
ethylene and etliylidmie chlorides. Two are aetiuilly known. 
One is tlie well-known succinic acid; the other is called tso^ 
^ycchnc an(L 

• CH,.COJI 

Succinic acid, Ethylene succinic acid, i . — 

CH>.CO,H 

This tieid occurs in anibt‘r (hence its name, from Lat. .swccmton, 
amber) ; in some varieties of lignite ; in many plants ; and in 
the animal organism, as in the urine of the liurse, goat, and 
rabbit. 

It is formed unihT many cireumstaiu'es, o.sp(H*ialIy by oxida- 
tion of fats with nitric acid, by fennentatioii of caleium malate, 
and, in small »jiianti(y, in tla* aleoholie fermentation of sugar. 
Among the iiudliods for its j)re[)arution are: — 

( H,.CN 

1. Treatnumt of ethylene cyanide, | , with a caustic 

alkali:— ' ^ CIL.CN 

CICCN CIL.CtCK 

I ‘ 4* 2 KOII -f 2 11,0 -= I ^2 NHa. 

CHoCN ( IL.COdv 

2. vSimilarly, by treatment of /i-cyan-propionic acid with an* 
alkali. (What is /:)’-cy an- propionic acid?) 

3. Keductioii of tiirtaric and malic acids by means of 
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hydriotlie acid. These well-known acid, will be sliowii to be 
i»lo8eIy related tosneeinie acid, and tin' reaction here mentioned 
will be explained, ^riie methods ar-tually used in the prepara- 
tion of siieeinie a(‘id are: (1) the distillation of amber, and 
(2) the Mill en tat ion of calcium malate. ^ 

'rhe acid crvvstallizes in monoclinic prisms, wliich melt at 
8(T (try it). It )K>ils at 23a", at flu* same time giviiv^; off 
water, and being converted into the ifuhifdrhh’ : — 


.coon 

' "(OOll 


(O 


Among the salts p-rri*' sih^inah-. ('dOOt • , Is of 

special interest, as it is i*ntin*ly insolijl)l(‘ in wat(a\ and can 
therefore he used for tiie jjurpoM* of separating iron from 
manganese quantitativtdy. 

Experiment iJd. Makv a neutnil soltit’cm of anmioniam succinate 
by neutralizing an a<iU<*mjs sobation nt the ;u*i<K anti boilinii: off ail 
excess of anniionia. AiUI some of ihi> so!i}li*)n to a solution knowit to 
contain manganese and iron in the fei rie state. A l)f<)wn red precipi- 
will be formed. Filter and wasii, and examine tln^ filtrate for iron. 

CH(CO,H). 

Isosuccinic acid, Ethylidene succinic acid, j 

CH, 

This acid i.s made by ti'cating u-eyan-{>n)j)ioni(‘ aci<i vvitli an 
alkali. (Wluit is a-(‘y;ni-])ro]>innic acid?) 

Ifeosuceinic acid fornrs crystals w]ji(di melt at 1 30^. IIcat(.al 

150^ it breaks ud into projuonic acid a.nd carlKni dioxide: — 

cn(( oji), (If. .('Oil 

1 t + ('<),. 

1 CH. Clh 

J»»<'>8i:ccir)ic aold. rropionlc arid. 

NoTR FOK Stijih:nt. — Noti(’e carefully the difference between the 
two succinic acids, as siiown by tlieir condpet when iieated. What is 
the difference? 


Acids of the formula C.H.Od C.H — Four 

acids of the formula (VJIhOi are known, only one of which, 
however, need be considered here. This is, — 
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CH .CH.CO,H . 

Pyrotartaric acid, i • — As tlie name indi- 

CH,.CO,H a 

eat(‘s, this acid is made by ijcatiii*^ tartaric, acid. The reactions 
which take i>bice ar(* complicated, and cannot well })e reyn'e.sentcd 
In <*(|uations. Tie* naactioiis which point to the above formula 
iijc also comparat ividy complicated, and llicir discussion at this 
time ifunld tend only to confuse tlie student. 


ddu-A<‘H) A Lcouoi.s. 

'The i-xistence of mon-acid aicoln>ls corresponding to tlie 
mon-acid bastes, likt* })otassiiim liydroxidc. and of di-acid alco- 
hols <‘t)rn'Sj>ondiijg tlu* di-aeid bases, likt' caleinm liydn>xide. 

, snggt^sis th(‘ possiltU' exlstenet' of //-nuec/ c./e*o//r>i/s Correspond- 
ing jo tri-aeid ))a..^t's, like ft'rric hydroxide. Tliere is only one 
alcohol of this kind derivtMi iVom the [)arafrm hydrocarbons that 
is at all well known. This is the common su])sianee glycerin. 

Glycerin, C H.O;. — As lias been staled j'epeatedly. glycerin' 
oeeurs very widely distributed as tht^ aleoliolie or l.^asie eonstit- 
mmt ot the fats. Th(‘ aeitls with whitdi it is in (‘ombination are 
mostly memlH'rs of the fatty a<*id si‘rit*s. thougli one, \ iz., olr/c 
tfcid, w hieli is found I’rtMjUt'ntlv. is a memV»er of another serit's. 
liesitles tdi'U' at'id, tlu' two atads most frtH|ueiitly met with in 
fats are palmitic aiul stearic acids. AVlieii a fat is sa]>oniiied 
witli tauistit; potash, il yieltls frt'C glyet*rin ami tlie |)otassiiim 
salts of tlu‘ acids. 11 k‘ reactions in tlie ease of the glyeerin 
eompouiids of palmitic and stearic, acids arc these : — 


^Formnfion. 


p)rf ii().<)('^,ar, 

,,ii, ' eif -f ii().oc'.c,,n.i 

(oh 1 I(). 0 (’.('„II„ 

Olyccritt. Putmitic acid. 


p).('O.C,5H„ 

(yi.,-! o.(' 0 .c,yc, + 3 h,o 
( o.coa^yi,, 

Ulyoorin tri-palmitate, 
or Palmitiu. 
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f OH HO.O(’.('i:U» 
( .IT, 011 4- H(^>.(H’ <^'nIU-. 

(on iio.oT .('kH^ 


/ O.OO.CirH.'W 

0,h J O.OC’.C'irllM + 311,0. 
(, ( ). 0 C Isi 


Glycerin. 


r 8 ttviric AcUi. 


Glycerin tvt Htcunito. or 
r 8 U‘:iriu. , 


r OA)C.C:,lh 


Sap(yniJir((tioii. 

KOll =- ( ;,H-,(OH),, + 3 (',.,11.1 .1 <\'l^- 

rotn»*f^inni j.alinitale. 


lavcerin. 




Glv'crin. 


^ota^hir!:H i^O.aralc. 


C.Il, -• O.OC.Ci.H,, 4- 

(o.OC.Ok.IG 

ralnutin. 

, ().()('.( irH;-. 

(' ll-. - C).0('.<'irH.-. + 3 KOll 
(o.OC.l'irH;, 

SToarin. ,, 

--''■‘■'"I';::":":- 

L'::.r 

... T ona oxi.lc <i.'.<..ui.osc>s fuO yioainu u .n.Kt.uv ..I gls.nu .mu 
" ti;.: t:ul .alts u( tlu. .mias. Tho .nixtu.v Is kuuwu .u meau-.no 

'^av"!iu i"l"nn.a in sn.all <,nanti.y l.v the ai.-oh.-lie fo.men- 

'1;”:’'."”:; .-Tve- 

^•"' rVud • c.'l tivatnant nf th.' tri-rlilor.no a.Tivativo 
with xviter ’lUu's rei-laOnU t\,e ihvei' oam ine atoms by byaroxy . 
raveOin' is a tlli.'k -■olorln.-s bniuia, with a s.weetiOv taste 
'it 1 It ft with niid wiiti'i ni all 

„i,, a. i..« ....... 



{H.r.uiiu..s . it ,.iu, be (listillea ; 


■ S it .SOlKlIIn'S- lUIimofi 1 . 

.,t 17 ° Vnaer aiminislKul pressure it <am be a.stillea , but, 
f .. le.l to its (.oilin^-poinl male,- the orainary at.m.spher.c pres- 
sure it uuaergoes tleeompositiou. It is volatile wa -r 

vapor. 
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ExpeHinent *57. Heat a little f^Jyeeriii in a dry vessel, and try to 
boll it. Wliat ovidcncc have yon that it underiroes decomposition f 
Put to glycerin in bXr*' to water iif a flask ; connect witli 
a conilenser, and boil. Prove th:it glycerin passes over with the water 
va|>ov. ^ • 


The reactiOHB ol’ glycerin nil clearly h'ad to the conclusion 
that is a tri-aedd tilcohol. 

(1) The Miree, hy<lr(c\'yl groups can he replaced successively 
by cbloriuiN giving the compounds, — 


and 


(J/tlor/t ff(f riii s 


Dirlilorlff/drhi, 

7 Vc 'hlo rJi ffi If'f n . 




( Cl 

\ (Oil)/ 


('>H, 


i Cl. 

( on ’ 

CdC( 1.. 


whicli last com}>ound is propane in which three liydrogen atoms 
are rc})laee(l by ciilorimc or trlcldorpro|>aue. 

(2) it forms thiee classes o(* cllnu'eal salts containing one*, 
two, and three acid residues res})ectively . For example, with 
acetic anliydridc these reactions take place: — d/ 

.on ^ ().( Ji/) 

1 . ( TI, ' on i {( dl, 0),0 oil 4 - c,H A- 

(on 0)H 


^ on p>( ,n,o 

2. c.n, ' on 4 2(C,,noKO = (• n, ' oc.no + 2C.,n/),,. 

(on 0>n 

.on ^ ocvii.o 

n. ( *n„ ) on 4- (('Ji,o),o c.in;, or,n/> 4- ;U'iHA- 

ton (oi'Ji;,o 

In regard to tlu* relations of the hy<lroxyl gron[>s to the parts 
of tlie radical C..{IIr„ w'c lyive v(‘ry little experimental evidence, 
though it appears highly probable that each hydroxyl is in 
combination with a difTereiit carbon atom as represented in the 

CH,OH 

formula CHOH . 

I 

CH,OH 
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In the fir<t pljici', we have seen above that eoni|H>un(l8 eoh- 
vaiuiii<»: two liydroxvls in eoinhinatiou with tlM‘ name earbon 
are not retuhly foiiued. if ffley are formed at all, and we iiave 
had some reason fur (M>nehi<iinix that this kiinl of eombinution 
is im|K>ss!ble. It woiiKl follow from tliis that die simplest tri- 
aeid aieoliol must eon tain at least thna: atoms of earlioiu just 
as the simj>h'st di~a<*id al<*'>hol mu>t (*onlain at least two ytoms 
of earlion. VVe luiNe seen that the simpli^st tri-aeid alcohol 
known dot's eontaiu three atoms of (‘arlnm. 

ciLon 

Further* if the formnia of i^lyeerin is t'HdH , it eontalns two 

ciiy m 

primary aieohol grou{‘s, ( II ,( HI, tind we lia\(* st'cn that tins 
tjrouj) is eon\ertt‘d into earbv)xyl under tlie inlluenee of oxidiz- 
iiiir a^ent'<. Tiierefore, we sleadd expis t by o\idi/iit[> glycerin 

('Ojl CO . 11 

. ‘ I ' 

to get pt<>diU‘ts of the foiTimlav. t'lloH . anti < IIOH. Such [trod* 

# ('liyui ( OJl 

nets actually are olaainfd. lh»' l)i>i being tca'd (wliieli 

Hcc). and tlu* staanid Zo/'/ro/oV arifl (whi^h 

Just as ethyl ahadiol is regarded as water in whieli oiu; 

hydrogen is replaced l>y th.e univalent raditatl J ' 

and glycol i> regmrded as water in which two hydrogtai atoms 
of two moieeulcs of water an* replata'il ])V the bivalent radical 

(’2U41 as.FJt C I >0 also gdvet'riu may f>e regarded as water 
H ‘ . 

in which three hydruyjeii jitoins ef three molecules are replaced 
by the trivulenl mdkal ('df,-,. thus: — 


11 .Oil 
II .OH 
H.OII 

Three molcriijf* vfat«r. 


/ Oil 
j OH. 
(oH 

Olycerin. 
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Ethereal salts of glycerin. — Among the imix>rtant 
ethereal saltB of glycerin ar<* tlie uUrafes. Two of thewe are* 

ItO.NO,* 

known; viz., the mono-yUr<iU\ . and the tri-nitmie. 

Cjr.(()NTX):{, the latter h(*ing the clii(‘f constituent of /o7/*o- 
i/ll/C’et'tn- Nitro-gly(H‘i‘in is jjia*pare<i ]>y treating glycerin with 
a mirture of cr>ue(mtrate(l sulphmie and nitric acids. It is a 
[Kile yellow oil which is insoluble in water. At —20'' it 
crystallizes in long needles. It exphxles very vioientlv by 
concussion. Jt can bo burned in an oj)en vessel, but if Jjoated 
above 2o()^ it exj>lodes. />////Y//c//e is infusorial earth itnpreg- 
nated with nitro-giveerin. Nitro-glyeea’in is the uetivo constitu- 
ent of a uurnl)er of exjdo.sives. 

Fats. — rh(‘ relation of t!u‘ fats to urlveerin lias jdi’eadvlHaai 
• ... 

stated. lb‘!<’ it will be neci'ssai'y only to mention tlie <‘omposi- 
tion and chara(’t(‘ristier> of some of tiu* more* eommon fats. 

Most, fats an‘ mi.\tun\s of the lhre(‘ mmtral ethereal salts 
whieli glycerin forms with [laimitie. steal ie. ami ohm? acids;^ 
and whieli are known l^y the names /*///, and 

Olein is iiipiid, nnd the other two f.ats an' soiitls. stiairin liaviiig 
the higlici* melting-jioinl. Tln ri'forc. tin' larger tlie |)ro|>ortion 
of olein (‘ontained in a fat the softer it is, wiul<‘ (he greater the 
proportion of stiairin the IiiglH*r its na lting-point. Among the 
fats which arc jiarticnlaiiy licli in stearin may ])e mentioned 
mnfton (all()n\ Je/rf tnUoir, anil lanL Unnmn. fuf and paliu nil 
are parficularly rich in palmitin. *S)icr//t oil and anOlimr oil 
uvo rich in oieVn. 

Butter consists of ethereal salts of glycerin and the follow- 
ing acids : invristic, palmkic, anil stearie am’ds, which are not 
volatile, and Imtyriia caprofc, eaprylic, and ca{>ric acids, wliich 
are volatile with water vapors. All the acids mentioned are 
members of the fatty aeid series. Some of tliese aeids are 
soluble and some are insoluble in water. The perceutiige of 
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€ 

insoluble ffittv uoids oontaiiuHl in butter has bet'u found to be 

t? 

88 per cent. As Jhe projj|>rtiou of insoluble fatty aeids eon- 
taiued in artitieial liutters, such as the so-calietl o/eo-marr/ar/a, 
is greaUjr than lliar contained in butter, it is not a ditlieult 
matter to distinguish between the two by determining the 
amount of these aeids contained in tlnun. 


Tui-uask* A< fos. 

Tri-carballylic acid, C.Hv(COiH)rM — This acid can be 
made fronj trichlorhydrin, ( Jl.l 1; (which see), by replacing 
the chlorine by cyanogen, and heating with an alkali th(‘ /r/- 
ue thus obtained. It can be made also l)y treating 
aconilie^ acid (which sia') with nascent hydrogen. It cry stall izes ‘ 
from water in rhombic prisms which molt at 1;V7° to 


1’ktk- A< ii> Ar.coinu.s. 

Erythrite, GbH,. OH ,|. — ddiis sni)stanee occurs 

in oiic of till* aluic ( l*f'nfn,>n'rns ruhjaris) and in 8e\a‘ral liclnuis. 
It crystallizes from water in (jumlr.Mtii* prisms. 1 1 has a \ crv 
sweet taste. rile fact that tla- simj»l(‘st t( lr>acid alcohol con- 
tains four atoms of carbon sliould be -j>ecia}ly not(*d. 


There is no well known /eZ/vf-Zyasn* nrid doriveti from the 
« 

hydrocarlioiiS of the paratlln series. 


IhvNT- ACID A i/;onTTf.s. 

Kv the reduction of tlic two sugars, xylose and arabinosc, 
two pent-acid alcohols, Xfflitu and arabUfu Imve been made, 
IJoth have the formula C,,H?(OH)a], 
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No acid to tliis series is known. 


II EX -An 1 > A Ler>i iols . 

There are several hex-aeid aleohols known. ^lost of them are 
(leri-. <*<] from hexan(‘, and luive the e<>m[)Ovsitioii represented Iw 
the formula ( ‘,;1 Ih(( I t will he noticed tliat these hex-acid 
(dcohoh eontuin tiix rttri^on aiotiiH each. 

Mannite, CoHs.(OH)«. — Manuite is widely distributed in 
tlie \’egetabl(‘ kingdom. It occurs most abTjndantly ifi manna/ 
which is the j)artlv dri(sl sap of the inMnua-asb (Fraxinus 
ornus). It is obtaimnl from incisions in the bark of tht* tree. 

Mannite is formed in tlu* lactic acid bu'Dicnlation of sugar. 
It is formed also i)y th(‘ action of nascent liydrogen on fructose 
and mannose. '/Ya's iudirafes u clost relafioeshii) Icdn'een the 
HfKjars and rnavniie. Mannitt* crystallizes in needles^ or 
rhombic prisms, which are easily solnl>le in Nvater and in 
alcohol. It has a sweet taste. 

Nitric a<'id converts mannire into sta^rharic (trid (which see). 
When ]>oik‘d with e<>neentrated hydriodic acid, it is converted 
into secondary hexyl iodide, 

Mannite hexa-nitrate (nitro-mannite), QHdO . NO^),;, is 
formed by treating maimib* with a mixture of eoneentrated 
sn]phnfu‘- and nitrie aeids. It is a solid siibstanee ami very 
explosive. (Analogy with nitro-giyeerin.) 

Mannite hex-acetate, C,;KdO.C.H:,0),;, is foi ined by treat- 
ing mannite with amtic ^uihiidrid>\ Its formation, as w'cll as 
that of file hexa-nitrate, showvs tlmt mannite is a liex-acid aleohol. 
For the purpose of making (he aetdati's. acetic aid^ydride is 
sometimes used instead of acetyl ehloj'ide. In some cases in 

* Tht; tnannu of the Si-ripturos obtained froiu Uio brant hoft of Tammariic i/aUica. 
It c'Onluilied no inauultc, but u ^iubsbmre of similar j»ropertie«. 
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• which the latter will not work, the former answers very well. 
Hence aceti(‘ nnhydriilc has come iiito use us a reagent, whieli 
enables us to deciile whether a suhstaucc muler examination is 
or is no'i an alcohol ; aiuK if it is, to which class (whetlier 
inoii'aciil. di'acki, tri-atad, etc.) it l)ei^9ngs. 

'Pherc arc three varieties of mannite — the ordinary, known as 
and. further, hc<i-mannUi\ ami inavtive mannite, 

Duloite, OH ti. — I'his occurs in a kind of manna 

obtained fn>in Madagascar, tlie source of wliich, howev'cr, is 
unknown. It is formed bv tn'ating sugar of milk or galaetose 
with nasciuit hydrogen (<*ompare with mannite in this respect). 

Nitric acid oxiili/.es dulcihs forming mucic acid (>vhieh see), 
isomeric wiili succliaric acid, which is formed from mannite. . 
Like mannib*. wlicn boiled witli hydriodic acid it Yields wSecoiuL 
ary iicxyl iodide. ( 

Sorbite, CuHe OH a,. — Ordimiry sorbite occurs in the bt*rries 
of the mouutaifi ash, and in many other fruits, .as [)linus, cher- 
ries. apples, etc. It is formed by rtaluction of glu<‘ose. This 
variety is known as dextro-sorl/ite, iK'causo it is formed from 
glucose, wliieh is dextro-rotalory. Lero^HOTlnte is also known, 
liaving l)een obtained l>y the reduction of one of the sugars. 


There are no ftvxn bo sir nrids known bidoiiging to tliis series. 

^ fli in -A^ ID Aj.conoLs, ktc. 

Perseite, CrHaOH :, oceuis in the fruit and leaves of 
Lanrn.s persea, ami luis heeu made artificially from (Jexfro 
Maunom% Mannose is an aldehyde, uod therefore lias the |)ower 
to take u| hydiewyanic acid, d'he com[)ound tints fortned can 
be transformed into an acid, and it is by rr*duction of this acid 
that perstdte is ru.ade. It is also cullml de.r/ro-aora>to//c/)//fc. 
By a similar reaction an ocLaeid and a non -acid alcohol have 
been made. 



CHAPTER X. 


MIXED COMPOUNDS. -DERIVATIVES OF 
THE PARAFFINS. 

l'Ni»Ku this liend ar(* inchnled such conipnunds as helonji 
at the same time to two or more of the chief classes already 
studied, d'hus, tlicre are substances which are at the same 
tiihe jilcohuls and acids. 'Fliere ar(‘ others whicli are at the 
saiiu* time al(*ojH>ls and aldchyde-s. alcohols au<i kidoues, acids 
ami k(‘toncs, etc, Fortuu-alcly . (e»r oin )mrposi\ tlie number 
of com[>oinids of this kind actually known is conqjaratively 
small, tlione^h junoue: them arc iimny tlic most important 
natural compounds of cari>on. 'The lii’st clas'i wliich presents 
itself is that r>f tin* u/co/c;/ oc/ds or <c /d /dcoZ/o/s; that is, sub- 
stances wdiich combiiK' within themselves the |>ropcrties of l)oth 
alcohol and acid. 11u‘y an* (vnumonly called u.ey-ucuZs or 
fijhlroxif-acid.'i. 


^ I I YDWOXV-ACIOS, (',Jl2„tb* 

These acuMs may Ix' rejLtarded either as inouobasicjtiicids into 
which oin‘ alcoholic hydroxyl has been introduced, or as mon- 
aeid alcohols into whi(‘h om* eaiboxyl has bv en introdneed. As 
their acid [U’operties more prominent than the alcoliolic 
properties, tlu>y mi‘<' commonly referred to tla^ a(*ids. Running 
panillel, then, to the siU'ies of fatly acids, we inaylcmk for a* 
series of hydroxy-aeids, c*aeh of whi(’h ditfers from the corres- 
ponding fatty acid by one atom of oxygtm, or by containing one 
hydroxyl in tht‘ place of one hydrogen, thus: — 
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Fj4tty aoltlH. 


Forinie aeid 


iio.eoji. 

Aeetie aeid . 

« 

( n,.( () H 

' CO.ll 

» 

Propionic aeid 

( ,n,.('(»jr 

(•H.< 

C‘(U1 


.t.-. 

t'h-. 


The first iiieinher of the wliich In' ‘analogy would he 

ealled hijdrox^j-j**rin •(rid. Is la Uhiu^ hiil the ordinarv hypo- 
thetleal earboine aeid. Ailhouuh its illation t«> formie a(*id is 
the saitie as that of the lunt nieuihta* of tlu* series to aeetie 
neid, it (.‘ertainlv has uo projuM'tii s in eoininon w itli the aleolH)lH ; 
hut. owini^ to its pei uiiar Ntnieture. it a dihasii* aeid wliich 
the oilier uieiubei's of the sia ies ai*e not. Nhna rthtdess, it may 
be referrtsi to lieo* for the sake of a few of its dmivativias, 
wiiieii are somewhat, allied to thos(M>f*the hydroxy-jieids juoper. 


Carbonic acid, HCO, helievisi tliat 

this i>ody exists in .soluliuns of '•arhoii dioxidr* in water. All 
tiiat is known al^ont it is tiial it is a h eihe dihasie aei<K aiid 
breaks up into water ami earhon dioxidt' whem^ver it is set free 
from its salts. Wh- have seon tiiat this instability is generally 
met with in <‘oui|»ounds eontiunino t\vf> hydrowU in eomhina- 
tioii with one lairhon atone 

Aiiiom^ the derivatives earhonie aeid whieh may he re- 
ferred to at tliis time ai'e tin* ethenaa! salts, 'riiese, may he 
made : — ^ 

h P»v treatiinr .sil\a*r earlxuiate, ( with the iixlides 
" < t A ic 

of alcolioi l aflirals ; as. feu* exainpUa - — 


'O.Vi; “ 




2 . By treatiiiff tin; ylcolmls with cariixnvl (-[iloride, ('OClj:- 

coci, + 2. (j4i,on =. f 2 no. 



ETHYL OHLOll-CJAKHONATE, 


167 


Cl 

Ethyl chlor-carbonate, CO < • — This e(>mpoun(b 

in oAule i)y lieMting iilculioi vvilh carbonyl chloride : — 

(XH l? + CICOII jj + * 


It piay Ixi rc^ardixl as th<? ethyl salt of mono-chlor-forrnic 
acid, C'l.COOll ; and, properly speakiire* siionld be called ethyl 
chlor- her mate. 

(ail 1)011 disulphide acts very tuu(‘li liki^ (‘arlion dioxide towards 
alkalies and alcoliols. and thus a nuinl)er of ether acids and 
ethereal salts c.ontainine suli)hur can la* made. Thus, when 
carbon disul|)hide is add<*d t<> a solution of caustiit [)otash in 

aleohob a potassium salt of the formula ( S < formed. 

* M\ 

"Flits is ealh'd pafasf^ie./u xnella)y(’ia(.h'. d he Ina*, xanthog^enic 
acid is very unstabh*, breakinir nj) into alcohol au<l carbon 
disuljihidt*. riu' formation of the salt is represented by the 
following!; eipiation : — 

CS,, + Koa + (11,011 = ( S ** + 11,0. 

- • ■ SK ‘ 

A similar salt mad(‘ from ordinary amyl al(*ohol lias Vieen used 
for tlu‘ jiurpose <*f destroyiuii' ph fdla.ev ra . the iuse<.‘t. which is so 
destruetive to t^iape-A'ines, partieularly in tlie wine distriets of 
France. 


(leneyal vielhods for the prepa ratiim of Jiyfiroxy-nriifs. The 
methods available for makinir the hydroxy-aeids are modifica- 
tions of thosi' us(‘d for making al(*olu)ls and ai'ids. 

Starting with a mon-acid alcohol, we can make a hydroxy- 
acid by the same nieth#(fs which svv‘ used in making an acid 
from a }iydr<»carb<)?i.^ - Supjiose. for example, that we arc to 
make acetic acid from marsh gas. "Flic riaietions which we 
make use of are: ( 1 ) the preparation of a lialogen de.ivative ; 
( 2 ) conversion of the halogen derivative into tlu‘ cyanogen 
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derivative; and (3) conversion of the cyanogen derivative into 
the acid. We desciiit»e the results of these opeiutions by saying 
timt we have introduced carboxyl. By sirniltir o[)erations we 
can IntrojiUiee cariK>\yl intn methyl alcohol, and tiie product is 
l\y d rox y - ace t ic ac i \\ . 

It is, however, generally l)ett<‘r to start witli an acid, and 
introduce hydroxyl. This can be done in several ways :~ 


1, By treating a balogen derivative of an acid witli wak‘r or 
silver hydroxide : 




('ll., 


on 

( OJl 


+ IlBr. 


2. By trviitiii'/ an <U'r!riit.ir<; of an acid with nitrons 


acid (see cage ins) ; — 

CH,<' + IfNO. ( II., 

• Codl 

Antid/j-ui fUc uO<l. 


OH 
( OdI 


+ N,, -i- 11,0. 


d. By treating a (haividivc of an acid with 

cail.stif |iola.sh ; — 


('H,< 


S(M)n 

(<UI 


Sulplio-at *d,ic ucicl. 


f KUll ( IL 


'"COolI 


KlISO,. 


The first two of tla^sc reactions have lua n (h'scriloed and inen> 
tioned as aitording inctlH»ds fo** tjjc introduction of hydrox\T 
into liydrocarlK>Ms. ft will be seen tliat tin* only dijT(uauua‘ 
Ijetween the relictions nserl in making ah cdiols and those used 
in making hy iroxy-acids is that in one case we start with the 
livditK arbcuis, vvliile in the other wa* start will* the acids. 


Glycolic acid, hydroxy-acetic ahid, oxy-acetio acid, 
— (dvcoiic acid is found in nature in 

\ OU^id / 

unripe grapes, and in the leaves of the wild grape {Ampelopsu 
hederama ) . 
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It can be made from <^lycocon, which is amidoacetic acid (set!* 
icadlion 2, above), from brom- or chlor-acctic acid and watei 
(see reaction 1, al«>ve), and by the oxidation of gly col : — 

011,01 1 00,11 

I +■ (),= I + ILO. 

. 011,011 011,011 

(ilycol. Glycolic itcitl. 


This consists in trunsl’orining one of the priinarv alcohol groups, 
Cil 2 ()II, contained in glvcol into carlioxyl. (What would be 
formed by couvm\sion of both the primary alcoliol groups of 
glyiHil into carboxyl ?) It can also lie made liy eareful oxida- 
tion of etliyl aleohol with nitrii* acid. For tliis purpose a 
mixture of aleoliol and nitric acid is allowed to stand until no 
furjther u(*tiou laki^s place. 

(Jlycolic aeid forms crystals which ani c^asily solul>hi in \vater, 
ah^uhol. and ether. 

As ail acid. gly(*olic acid forms a scries of salts with metals, 
and ethereal salts with alc<>hol radicals. The latter, of which 
ethyl glycoiatc may lu* taken as an example, can lu^ made liy 
means of onr of the reactions nsually (’m|>l<)y<*d for making 
(dhercal salts ; for cxumphG by treating silver gly(‘olate with 
ethyl iodide : — 


( ( bAir 


+ 


.on 

COXM, 


+ Agl. 


In this.rerU'tioiG as well as in the formation of salts of glycolic 
acid, the alcoholic hydroxyl remains nnciiangcd. 

As an alcolioL glycolic acid forms ethers i^'wTiich ffhj/l- 

glycolic acid, (’H, < serve as an example. It will be 

seen that this is isomeri<? with ethvl ulycolate. lint while the 
latter has alcoliolic [>ro{)erli(‘s, tlie former lias acid j[>roperties. 
Ethyl glycoiatc is a li(]uid which boils at lG(f. Ethyl-glycolic * 
acid is a liquid whicli lioils at 206° to /207°. Finally, as an 
alcoliol, glycolic acid forms ethereal salts, of which acetyl- 
glycolic acid may serve as an examplcG This is glycolic acid 
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*in which the hvdrogen of the hydroxyl is replaced by acetyl, 

t ) C ^ I o ^ * 

, bearing, as will be seen, the same relation to 

irlveolie ^eid mikI acetic acid that etbjl acotiite, .Q.C^H^O, 
beans to alcohol and acetic iicul. 

Glvcolie acid and some of the other acids of the series lose 


water when heated, and yield peculiar anhydrides. I'he i)rod- 
uct obtained from glycolic acid is called gJycoUile, It has 
neither acid nor alcoholic properties, and is, therefore, be- 
lieved to be derived from glycolic acid as represented in this 


equation : — 


2 CH^ < 


on 

coon 


cn.> - o -- f o 

! ' 1+2 ICO. 

CO - O -- CH, 


Olycolide. 


Glvcolide is insolulile in cold w ater. When boiled for a long 
time w'ith water, it is converted into glycolic acid. 


Lactic acids, hydroxy-propionic acids, oxy-propionio 

/ on ' 

acids, speaking of proprionic 

acid, it was i:K)inted out that two serii*.^^ of substitution-products 
of tlie acid are known, which are designated as tlie a- and /i- 
serics. Acciudingiy wc sliouid expect to find two hydroxy- 
propionic acids, the a- ami the /+acid. Two lactic acids ^ 
have been known for a long time. One of these is ordinary 
lactic add; tlie oilier a variety which i.s found in tlesli, and 
hence call^l mreo4(piic acdL Ihit. strang(‘ to say, a thorough 
investigation of these two acids has proved that both must be 
rcjiresented l>v the same structural formula, as both conduct 
themselves in exactly the same way lo\faj'<is reagents, Fiirtlier, 
two other liydroxy-propionic acids arc certainly knoivn. Tin; 
♦facts then are these: four acids arc known, all of which are 
hydroxY-pro|)iouic acids. Uur theory enables us to foretell the 
existem^e of only two, lleforc discussing tliis apparent dis- 
crepancy let ns brietly study tlie acids themselves. 
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1. Lactic acid, inactive ethylidene-lactic acid, a-hy- 


droxy-propionic acid, CH..CH < 


l.aotic acid 


18 


made by the feniientation of sugar, as has already been 
de8erii)ed luid^r jiutyrie Acid (which see). 'Die process is 
curried out best l)y <iissoiving earn* sugar and a little tartaric 
acid^ in water; then adfliug ]>utrid cheese, milk, and zinc 
carbonates, tlui oljject of which is to pn^vcut tlie solution from 
becoming acid, as the presence of fiaa* acid is fatal to the 
ferment. Lactic acid can also be made by fermentation of 
sugar of milk, and is iumee contained in sour milk ; by boiling 
a-clilor-pro])ioiiic acid with alkalies, — 


CIT, . (11 < ^ ' + KOI! , = ( II . . (11 < ‘ + KCl ; 

COJl ' ‘ COJi 

and by treating alanine (a-:imido-proi>ionic acid) with nitrons 
acid, " - 

( II. . (11 < 4 - nN(),r= ('ll . ('ll < *'” + N, + HO. 

(0,11 - ' (OH 


1. actic acid is n thick liituid which mixes witli water and with 
ah'ohol ill ;dl [U' 0 [>ort ions. 

'rrcated with hydriodic ;c id, it is reduced to [iropionic acid. 
Treated with hydi’obromic acid, it vitdds u-brom-propionic acid. 

2. SarcO’lactic acid, dextro-ethylidene-iactic acid, 

OH 

: — 'riiis acid ocaairs in the liquids expressed 

OU-xl 

from meat. It is therefore contained in ‘‘ext^ef^of meat,’' 
and can b(‘ obtained most readily from this si^nree. 

Its properties are, for the most |)art, like those of inactive 
lactic acid, and its ccwulnct towards reagents is in all respects 
the same. Its salts are somewhat more easily soluble than 
those of ordinary inactive lactic acid. The chief difference 
between the two is observed in the action towards polarized 
light, Dextro-lactic acid turns the plane of polarization to the 
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right. Its salts are all I evo- rotatory. On the other htiiuf, 
{leither inaetive lactic acid nor its salts exert any action upon 
polarised light. ^ 

OH 

;h LeVo-lactic acid, GH{.CH<qq A third variety 

0 f ethylidene-laetic ai‘id, which turns the plane of polarization to 
the left, is formed from eane sugar by tf\e action of a c('%‘taiu 
ferment found in a s|)ring-water. Both the dextro- and the 
levo-acid.s can also be ul>tained from the ordinary inactive variety 
by fractional crystallization of the strychnine salts. riie rela- 
tions between these tliree acids are of the same kind as those 
existing between the three varieties of ttirtaric acid. 

4. Hydracryiic acid, ) CH-OH 

P-Hydroxy-propionic acid, j CH: . CO- H 
Jlydraerylii* aeid is nunb* by l>oiling /i-iodo-piopionic acid with 
^vater or silver oxide and w ater : — 

CH.l <11. on 

} 4 11 HO --i Mil. 

CIL.C (U1 ( IL.COJI 

(II > 

It is made also i)y start in<j: with otiivlene, } . When this 

rii.j 

hydrocarl.K^n is treated with liypochlorons aci«b HOCb it is (‘oti- 

(II.CI 

verted into cthviene-chlorhvdrine, | (which see)^ By 

CH,OH 

replacing tii:\ chlorine with c^-anogen, and l>oiling llie cyan- 
CH.oib 

hydrine, | , thus obtained, with an alkali, Iiydi’acrylic acid 

(IlaCN 
is obtained. 

These reactions clearly show that hydracryiic acid is an 
ethylene compound, and, as it is made from /^-iodo-propionic 


Bee active and inactive amyl alcobola, [», 
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aiid by replacing the iodine with hydroxyl, it follows further 
that tlie /^-'Siib.stituti<^r»-[)ro(lu<drt of propionic^ acid are ethylene 
I)rmlu(*ts, and that lh<^ a-prodnct,s are ethylidene products (see 
p. i;m). 

H ydracrylic acid is a syrup. Its salts ditTcr inarkcdly from 
tlK^sc of the inm*tive and a<*tiva* lactic acids. When heated, it 
loses water and is transformed int) acrylic <trid, ( 

(whicli see). 

'Flu* ditbncnce in conduct Ixdwcen cthylid»me-iactic a(‘id and 
ctliylcnc-lactic acid, when licahMl, is intTcsting and suggestive. 
WIk'D (‘thYliden(‘-Iactic acid is la'ated, both its acid and alco- 
liolic [U'o[)erticB are destroyed, both the aleoliolic and acid 
hydroxyls taking part in the icaetion. Wliert*as, when ethyl* 
enc-lactic acid is licatcd, only the aleoliolic properties are 
destroyed, the carboxyl remaining intact. 

There are then more hydroxy-propionic acids known than our 
theory can ai^comit for. Other cases of this kiml are known, 
and one yery marked and especially interesting one will be 
referred to when tartaric acid is eonsid(*i\*d. It will be shown 
that just as tliere .are two active lactic acids and an inactive one, 
so tluua^ arc two active tartaric acids and an inactive one. which 
(amdiK't thenivselves in tlie same way towards reagents, and 
nnisl hence he rejiresented by tin* same strnelural fonnuia. 

Aji|>arcntlv we liave here to deal with a netv kind of isome- 
rism. Bodies may conduct themselves chemically in exactW 
the same way, and yet <litfer in some of tiieir physical proper- 
ties, as*in their action towards [mlarized light. To distinguish 
this kind of isomerisni fn>m ordinary clieiiueal iso n^ ism it is 
called physirnl isomerif^m. 

An ingenious hypothesis has been put forward by w’a}' of 
explanation of tliat particiilar kind of physical isomerism which 
siiow's itself in the action of compounds upon polarized light. 
I t must be remembered that our ordinary formulas have nothing 
whatever to do with the relations of the atoms and groups in 
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s[moe. Tliev indicate cheinkrd relations whic h are discovered 
a studv of chemical react io)(S, 

Let us suppose tliat in a carlum coniponud 0 !ie carbon Atom 
is situated at tlH‘ centre of a tetraliedron, and that the four 
atoms or 'groups which it holds in conibimdion jVic at the angles 
of the tetrahedroio as re[)resented in l"ig. 10. 

If tiie^se grou[)s arc^ all ditTerent in kind, and only it- thir 
ease, it is possil)Ie to arrange tlann in two ways with reference 
to the carbon atom. The ditYcreiiee l)e.tween the two arrange- 




ments is tb;it wldeli is ol)served between either one aitd its 
retlection in a mirror. Imperfcu’tly the sc'cond arrangcmient 
of the figure abovc^ rei>resentt‘d is shown in Fig. 11. 

A carbon atom, in combination witli four ditTerent kinds of 
atoms or gi on[)S; is called an ascnunj't rii'al rarhfin atoni. \Vhen- 
ever, therefoie, a compound contains an asymmetrical carbon 
atom, there are two [)Ossible arrangements of i»s parts in sptice 
which corrcs[K>nd to tlie two comjdcinentarv tetrahedioius, viz., 
the righf.-hgafh^fj and ilie Irft-handcil tnirahedron , 

In ethylidcTiC lactic acid there is an asymmetrical carbon atom, 

ns shown In* the ordinary fornnda, which may be written tlius : 
H ^ 

! • 

CHa — C — on, the central carbon atom appearing in combination 
I 

C0,H 

with (1) hydrogen, (2) hydroxyl, (3) carboxyl, and (4) methyl. 
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af^cordin^ to the hypotliofsis jn.st stated, there ought to 
he two |>nssil)le arrang<‘ineuts of ti)e parts of ,a eoinpouiid eon-* 
tainifig this grou[), one corresporiding to tlie rlglit-handed tetra- 
liedroio the other to tl)e left-handed hdraliedron. Both would 
he (dh ylifUnfe-lcu'fii- d'he inaetive varitUy is formed by 

the copibiiiation of the two active varieties, and imist, tlicrefore, 
have :v greater molecular weight than tliese. 

The branch of chemistry which lias to deal with the kind of 
isomerism just referred to is called sferfo-che/nistr]/. 

We have seen that the sulphonic acids and carbonic acids are 
analogous : that, for rxamjde, nudhyl-siilplionic acid, (dt ..SO.Ji , 
is analogous to met hyl-cariionic or acetic acid. Cdf; .( 'OJi. Now, 
just as the hy<lio\y-acid> ahi»vc considmvd are derived from the 
carbonic acids by tin* iniroduclion of livdroxvl, so we may Imve 
a seu'ies of hydr<e\y-ti<‘ids drrixas] in a similar way from the sul- 
phonic acids. Only oiu^ such acid is well known. It is — 

OH 

Isethionic acid, ^ called Injdroxii-ethyU 

Hnljduuiir acid. In composition it is analogous to the hvdroxy- 
proiiionic acids, It is prcjiared by passing su]|)hur trioxide into 
well eooled alcohol or ctlier. 

IlYOia>XY-,\<Ul»s. (’„lb,0,. 

^ The acids just considered are called iii(>rfidiy(Jroxy-mnnobiiiiic 
acids. Similarly, theix* aic d iJnjd r<)j'y-mo>iohut<ic amis, which 
are iY*g^rdcd as derived from the monohydroxy-aclds liy the 
introduction of a second hydroxyl. Thus, if into^Jii»*«^tic acid, 

Cltj .Cli < a second hydroxyl is introduce^ the product 

. • I ^ 

would have the fortmila This is the best known 

i 

diliydroxy-monobasic aci<l of the paratihi series. 
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; CH.OH, 

/ 1 . \ 

' Glycoric acid, C,H,0* CHOH — This acid lias been 

! ! / 

CO,H ’ 

rt'ferred to as tiie tlrst |>ro<liK*t of the oxidation of ^L^lvcerin. It 
is prepared by allowin^jf ir}v<*rrin ami nitri<‘ acid to stand to;i^idiier 
at the ordinary temperature for some time, and then heating on 
tlie wuter-batii. It ean also he made by treating one of the 
chlor»laeti(‘ acids with water. 

An optically aetiye variety of glyceric acid lias lieen olhained 
from the inactive \ ariety. 

Glyceric acid is a thick syrup winch mixes with water and 
alcohol. When treated with very concmiti'ated hy<liiiKlic acid, 
it is c(>n verted into This conversion 

involves two rtcactions : — 


( 1 ) 




( IlJ)Il 

( . 

( lion y- 

! 

GO U 
( IL>I 


(fid 

111 ( IIOII f 11,0. and 

i 

GOJl 

(11,1 


( noil y :Mn : ( IL -f I GO 4 G 

I i 

(.OTI cod I 


^ 1 1 V r> m >x V - A ( ' 1 } >s , ( I _ d . 

The acids iV-lmlei] under this hesad are /uorfohf/flroj'}^ 
acids. They liear tin* sann* ndation (o llie dibasic acids of tlie 
oxalic acid series tltat the simplest Hy^lroxv-arads l>ear to the 
incnibers of the formic acid series, d'he jirinciprd members of 
this series, and tlu‘ only oiii^s whicdi will bt^ eonsidertal. are 
tartronic acid aiwl malic acid. 
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Tartronic acid, CjHtOsl CH(OH) 


CO,H 


, ^ - This acid 

is p^rcpared by an indirect niothod from tiA’taric acid. It can 
be made, — 

(1) By boiihig brom-inalonic acid with silver 4>xide and 
wat(‘r : — 

+ AgOII = + AgBr : 

(2) By treating brom-eyaii-aoetic acid with caustic potash : — 

CHBr < ^ ^ + J KOII + II..0 

COAl * 

= ('H(()II) + NH, + KBr. 

Tartronu^ a(‘id is a solid which crystallizes in prisiiiatie crystals. 
It^is easily soluble in water, alcohol, and ether. It melts at 
182^. At lea'' it gives off (‘arbon <lioxide and water, and is 
converted into glyeolide ( wbieli see) : — 

C’OJI ()1I 


(1) Cl] (OH) 


COJI 


( 2 ) 

‘ coon 


:=C11.<''“ 4- COo. 

■ co,n 

(ilycoUc iici<i. 

Cl I., - O - CO 

I I +iOi,o. 

CO - O -- CIL, 

O 1 veoli<]c. 


^ Norn roK Srrnn.vT. — rornparc* n'uotion (1) with that wliich takes 
place when iso-succiuic acid is licated, and note the analoj-ry. 

Hydroxy-succinic acids, CJtl,p ( — 

\ H 

Three hydrox y-snecinic acids have betm describ^ the priiiciptil 
one bein<: ordinary malic acid. 


Malic acid, C,H.O 


4 


CH^OH).CO,H\ 


This acid is very 


CH,.CO,H / 
widely distriltulcd in tlu‘ vegetable kingdom, as in the berries 

of the mountain ash, in apples, cherries, (dc. 

It is best prepared from tlie berries of the mountain ash 



168 


DEKIVATIVES OF THK FAKAFFINS. 


which hiivc n<it quite reached rijKuiess. Tlie berries are pressed 
JiiHi boiled \Yiih inilk^ of lime. The acid passt's into solution as 
tlie eMleinin salt, and tliis is pnrilied by crystallization. * 

It can also be made by treating aspartic atad, wliicli is lunido- 

succinic acid, C^Jb(NH..) < with nitrous acid, and by treat- 

ing tartarie acid with hydriodic acid. This latter reaction will 
he explained wlteii tartari(‘ acid is considta'iMl . Tartaric and 
malic acids are closi^ly related b> each otlicr, and both are 
related to suceinic aeid, as will ap})ear from the reactions. 

Malic acid is a solid substance which ci\ stallizcs with ditlb 
cnlty. It is very (aisily soluble in water and in aU'oliol. Its 
tffrn lJt\- vf inn to llo' rifjht or to the 

according to tlic concentration. 

When licatc<l it {om‘s water and yields ratlicr fuinaric or 
tnaleic acid (whirh sec) , according to the teanperat nn*. Tliese 
acids are i-oincric, and i‘oth are ri'presi'nted by the- bermnla 

Cgl.cC Idle reaction in<‘ntionc<l is rc[)r( scnt.cd by the 

following (sjuntion : — 


€, 11 ,( 011 ) 


coil 

COJI 


MaWr aO.L 


== (ur, 


( OJI 
COTI 


Furnarir or 
Mialt.Vc ui-’id. 


H/). 


Notk foi; S i roKN'T. — Compare f his ja-actlon w itli that wliich takes 
place when hytiracrvlic a' i<l i'. aii’l note flip a»uilo;<y. 


When trcat(Ml with liydriodic aei<l, inalie a<‘id is rcdivced to 
succinic 

Notf for Stcdfnt. — Compare this rraetion witli the conduct of 
lactic and trlyceric aeid< wlaai tieatcrl with liydriodic acid. 

Treated with liydroliroinie acid, malic'Viciil is converted into 
^ mono-l)ron]-sdccirn<* aeid. 

The reactions just dcsmabcd show clearly that nialic acid is 
hydroxy-siicciriic acid. Nevertheh*ss, if Iiydroxy-suecinic acid 
is matle by treating Itroin-succinic acid with silver oxide and 
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water, the prcKliK't is not ide.ntical \vit)i ordinary malic acid 
(hough the two I'cHcinhie (aich other ver;^ closely. The aclfl 
thifB obtained is — 


Inactive nlalic acid, CJT (OH) 


Inactive mali(; 


CO.H 
CO J1 

acid can l)e mad<‘ not only by the niiUhod liist nKuitiout'd, but 
by several others, wlii('!i indicjite that the between it 

and succinic acid is that ex|)rcsscd in the i'orniiila given. It, 
like ordinary malic acid, is ntHjnestiojtably a liydroxy-succinie 
acid, and ]>oth ai’t‘ dcrivetl troin ordinary siK'eiiiie acid. 

Other reactions for lla’ jneparation of inactive malic acid 


are, — 

( 1 ) By treating dic!ilor-pro))ionic acid with potassium cyanide, 
and boiling tlie product witli caustic [)otasli : — 


and 


. CILC'l.C H( l.COTI + KCN 

( HX X 

- I -f KCl ; 

( IK l.( OJl 

Cill'N 

I f 2 KOfl f IU> 

C lU l.t’OJI 

(I I,. (OK 

rrr [ + K (1 -f Xll,. 

( n(( )]!).( (Ui 


(2) ]\y heating finnaric arid with watta : — 

+ n..<) = ( .,ii,(()ii)<^ 

■ • coji (o/r 

(8) By reduction of racemic acid witli hydriodi(‘ acid. Ra- 
cemic acid has the siouie coin[>osition as tartaib* acid. The 
latter, when treabid with liydriodic acid, yields active malic 
acid. 

The proiierties of ina(*tive malic acid are very nuoh like 
those of active malic acid. As regards their chemical conduct 



170 


DEKIVATIVES OF THE PAKAFPINS. 


thev iiro a]irit>st iilonti(*nL Tije (litt'erence between 

them is oi>siTved in ibeir euiiduet tt>Wivrds polarized Imlit. 
"riu'V ]>n‘sent a new east‘ <»f fsoinensm of the same 

kind MS ijiat reft rrtal to in coinu'ethni with the laetie aeid‘> 
(whielj see). 

Dextro-malic acid. — Jmietive aeid bears tlie /.ame 

relation to two aetive aeids that ina(‘li\e laetie aeid t>ears to the 
two aetive varieties of that aei«{. When the einehonine salt of 
inactive inalie aeid is sul)je(‘ted to fractional ervstallization, two 
different salts are olttainefl. One of thtese is di'rived from 
oniinarv <e*k/, \vhih‘ the ollua’ is derived trom the 

i so \ n er i e deft ru-ntn //• * o * uf i . 

TTYnK<>xv -A nos. cai, 

Tliese are <evV/s. The eliief nuanbers of 

tiu* are mr^oxalie aeid and the different modifieations 

of tartaric tieid. 


Mesoxalic acid, C H^o/ C(OHe < 'I'his aeid 

\ 00 x 1 / 

is obtained Ijv indirect and rather <‘om}jiieate<| reactions from 
uric aeid (uJjieJi see). It has l.»et‘n ma<h* al^o l>y boiling di- 
brom-malonie aeid witli bavyta-water. 


No IK K(>}j S i ( DKx 1 . - - Kxplain tfiis reaetion. 


The m id forms d<‘li(jneseent needh's. When boihal It loses 
carbon dioxide aial wat^n*, and glyoxvlie m*id, which is an alde- 
hyde and (I to oxalic acid, is fonne<l : 


C(OH), 


( ( Ul 
( (MI 


{'HO 

i -h O, T IIA). 
(OJl 


01}'nxyli<‘ arfd. 

Thi.H acid affords an example of a very rare condition ; viz., 
the existence of a coinfK)und in wiiich two liydroxyls are in 
combination with one* and the same carbon atom. 
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Di-hydroxy-succinic acids, C;H,(OH) 2 <^q ^ j» 

CHCOHj.CO^H 

l Tartaric acid, i . — Ordinary tartaric acid 

, CHiOHi.CO^H 

occurs very widely distrilaitcd m fruits, .soiiKdiiiics free, soino- 
tiiiios in the fonn of the poiassiuiii or <‘alciiiin salt; as, for 
exiuntd^N laaries of the niountain ash, potatoes, 

cucimihers, etc., etc. 

It can l»e inade hy the following niiUhods : — 

(1) liy oxidizing sugar of milk wilii nitric acid; 

(2) Also Ijy oxidizing cane sugar, starch, glucose, and other 
similar sultstajices. 

'rartaric acid is j)r(*])ai‘ed fiom tai'tarc’ which is impure 
acid potassium tartiate. When grape jviici^ ferments this salt 
is de[>oslU‘d. It is ])uri,{i(Ml by crystallization, converted into 
the (adeiinn salt liy treating; it with ehalk, and the calcium salt 
then deeom|)(>st‘d ])y means of suljdmiic acid. 

The acid crysiallizt's in largi* inonoclinic })risms, which are 
easily soluldc' in watej* and alcohol. It melts at Its 

HolvfioH ftn'iis the pJ^nh' of jHthirizatofii h> thv ripht. 

Treated with hydriodic acid, tartaric ticid yields first malic 
acid and then ordinary sucOnic acid : — 


,1) C,,II.,(()in. + 2IM 

' ’ • ■ ( (UI 


(11,(011 4- Hi) + L; 

■ • (OIT - ^ 

M.ilic nt‘Ki. 


-2) CUliOlI) <[;jj=jj + 21ll 


Sui'.ciilic H(’id. 


While malic acid is inono-*hvdroxy»succinic acid, ordinary 
tartaric «acid appears to be (li-hydroxy-succinie acid. Ibit, just 
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JIS wo found that the malic acid prepared from inono-bron>sue^ 
t einic acid is optically inactive, ami thereldrc diirerent from 
natural, active inatic acid, so too it has been fouiKl thal, tlie 
tartaric acid j)re|)ared fnmi di-broin-.'^iU'cini(‘ aei<l is opticallv 
inactive,* and llu reffiiv dilTenmt (V<nn ordimuy tartaric a<*id. 
The relations betsveen the natural and the artitieial acids will 
he considered more fnll\ below. * 

Tartratfs. Among tlu^ salts tin* following may be immtioned 
specially : — 

Mono-j)of(h^siffvt turtroJf, K f 1 . ( - Idiis is tin; chief 
constituent of t^irhir. In pure form, as use«l in m<‘<]icim*, it is 
known as e^vco// of f.trfdr. 

Soduim-potossiif Ni t<>rfnrh\ K \a . ( d 1 1(\; -f- I Hd). 'I'his 
salt crystallizes wry l)eaiilifuily. It is known as l^nvlipUe sail ^ 
or Se}(i)u ,salL 

tarlrut*', Ca .(\Il4Oj; + 1 llO. 'I’his salt occurs in 
senna leaves and in grapes, it fc>rms a erystallim' jxvwdcr or 
liiombic octahedrons. 

PiikiHsiunt -aiitltiirniijl tnyfrofe, K ( S]»( ) ) . ( ',! Id + ■] Hd). 
This is known as furfur f /-veO’/-. It is jacpaia d by digO'sting 
antiinonic oxiile* with jnono-potas^inn) tariratic It cjy slalli/es 
In rhomlnc' octahc'drons. It. loses its water of (a vstalli/.ation at 
100^, and at 200 to 22rO i.s converted inte) an antitiiony t)otas- 
sintii salt of the forinnla IvSb d did . 

2. Racemic acid, C.H,,0,, - H O. -- Ibn etind* aeid ocenrs, 
together with tartaric in inany kinds oI‘ grajxrs, atid, on 

recrystallki^g the e]‘tide tartar, in-id polassimn laciunate, ludiig 
more sollible^.an the tartrate, n imiins in the mother lirpiors. 
Kacemic acid is formcil by boiling ordinary tartaric acid with 
water, or with hydrochloric acid. If [artaric acid is Itealcd 
with water in sealed tubes at ITo'', it is abnost com|)h‘te]y 
transformed into racemic acid It is formed further by oxida- 
tion of dulcHe, mannite, cane sugar, gum, (dc., with nitric 
acid, /f, together with a third variety of tartariv knoum an 
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inactive tartaric add^ is ftyrvied when dilrrom-Hvccinic acid is 
treati^d v:ith silccr inrid*' and iralcr, ^ 

Kaceniic ilitYcrs from tartaric* acid in many ways. It 

crysttdli/.(‘S (lilfrn'ntly, and contain^ Watci- of crystallization. 
It is less solnl^l(‘ than lartarac acid. It produces jaa'clpitates 
in solutioils of lime salts, wlnlc tarta‘ri(* acid does not. Racemic 
taidds optirtdh/ inartice, wljilc* tartrtric a«‘id is d(‘xtro-rotatory. 
On the otlan- iiand, i-accmic and tartaric acids conduct tliem- 
selvcs towards most reauenrs exactly alike. 

The relations liclwcen racemic ami tartaric* acid :w'c the same 
as those wliich linyc already been icfcrn'il to as existinu’ between 
imictive malic acid and dextro-malie acid, and between inactive 
lactic^ and dextro-laclic acid. 'This ease is, however, of special 
interest, as it was the lirstone <>f the kimi studied. The relations 
w<;re diseovere<i by means of the ex[)eriin(*nl deseriiied below. 
Wh(‘n a solution of auunoiiimmsodium raec\mate, 

(NIMNa.(’,ll,< ),. 

js allowed to evapoi’ate s|»ontaneously , iMcmtifiil lai’ire erystals 
aia* <l(‘positc‘d. On ('xamininir these eari'lully. tliev are found 
to be of two kimls. On the c-ryst:ds of one kind ec*]tain liemi- 
hedral l:ua‘s arc* devc'loped, while on the erystals of tlie other 
kiml tin* eom})lcmentarv hemihedi’al faces arc* ih'Vc*h>ped; so 
that if a erystal of one* kind is placed in fiont of a mirror, 
• its rc*l](‘etion will ri'prcsc'ni the* .aiaaneemc'iit of tlie Iieniihedral 
fiiees met with on a iwystai of the* edher kind. The* c-rystals 
can 1 h^ sc*paratc'«l into rifj/ddnnalicK or those* wliic-h have the 
ri^ht-hau(h*d h(*milu'dral fac‘c.*s. and f/.^^^Tliose which 

!iave the k*ftdiandc*d ]ic*inihedr;d fac‘c*s. 

On separating’ the* ac id from the right-lranded crystals it is 
found ia he ordi no ^ifext nnrota^i>rif taftaric acid; wlrile tlu^ 
acid from the* left'handed erystals is an isomeric substance 
called Imvo-rotatofo/ tartaric acid. When these two varieties 
of tartaric? acid arc* brought together in .solution, tluyv unite, the 
action being attended by an elevation of tem})eratnre, and the 
resvU is racemic acid. 
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We see thus that the inaefire nieetriic acid t‘onsist8 of two 
*oj>ticallY active sub^taiices in ooiuhination, one of whicli, orfliuury 
tartaric acid, is dextro-rotatory, and the otlif'r levo-rotatory. 

As has alroadv been state(]» botli iiuu'tive inalie acid and 

* 

inactive lactic* acid liave been resolved into t\vo*aetive varieties, 
one of vvhieh is* dextro-rotatorv, and the other levo-rotatorv. 

• 

Inactive tartaric acid is very sinyilar to racemic acid. 
It is fmined tojitethei' witli racemic acid by Iroatin^' diluom- 
siiecinic actd witii silver oxide and watta*. .The inaetivitv of 
this acid is believed to be due to a ditTe]*ent arrani>ernent of tlie 
gron[>s about tlie two asymmetrical caibon atoms. 

IIvoRoxv-.\rii>s, 

These are tnoh*}-h/ffJrfKrii~trib<i>yh: arUi'i. ( itric acid is the 
only one known. 

Citric acid, ^ H Of C H.iOH) ] CO H V — Citric 

^ ' CO:H ' 

acid, like malic and tartaric arids, is very wldidy disti ibuted in 
nature in inanv varieties of fruit. es|H*<'ia]ly in Ifmions, in which 
it occurs in llie free eondition. It is found in enrramts, whortle- 
berries, ras|>berries, g(>osel)erri(‘s, etc., etc. 

It is |)re|>an*d from lemon juice. This is allowed to ferment 
and is then treated with lime. 'Fhe lime salt thus obtained^ 
in the form of a prei/ioit.'ite, is collected, and dceom{>osed witli 
.sulphuric acid. ICO f)arts of lemons yield o.l parts of tlie acid. 

Citric acl?^s? 3 |^vstalliz<es in rljoniliie prisms which are very easily 
soluble in wum*r. 'riu* crystallized acid melts at 100'^, the 
atihydrou.s at lo.'f' to ir> C, fleiited to ITu^it lo.seB water and 
Yields aeonitie acid (\fhi(rh see): — * • 

(CO,H rCOJl 

C^H^COH) ] CO,U -- 04 iJ COTI T 11,0. 

(C 0 ,H (c(bH 

Aoojiitic acid. 
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Notk von Studknt. — Compare with formation of acrylic from 

hydracrylic acid; and of inaicVc and fnmaric aci(U» from malic acid. 

» 

Aconitic acid lakes up hytlrogcn, and is trausfonried into tri 
ciirballylic acid i which see), 'rhiis a clear coninadioii* between 
tricarballylic acid and citric a(dd is tractnl, tin; latter appearinij 
as hy<lroxy-tricarbailyIi(‘ acid. ( itric aci<l has l)een made arti- 
tlciaily i>y a soinewlial coiiij)licated method. 

When subjected to dry distillation, (*itrie aei<l loses l>ot]i water 
and earl>on dioxide, and yields dlraronic. ore/, 

’ ‘ COJl’ 

(whieh see) ; if heated with water or dilute sul|)lmrie acid to 
16 tf’ it yields lUiroidi'. (O'ijK (which see). 

i ^ <XH 

Cn.(oH) ) ^'(Ui = cji, j ^ + 11,0 + CO... 

((OJi 

i.'itracoui'' or ita- 
coiiio acid. 

Notk I'OU SruDHNi'. -- What relation, as far as composition is 

(H>nccrned, do Uicse two acids of the fonnnla C^^lb 1 1 (y']| bv.ar to 

finnari<’ and maleic acids*/ 15y di.st dial ion t,»f wliat acid are the two 
latte!’ formed? 


(Jif rates, A few of the salts of i-itrie acid are mentioned : — 

M())i()-potassutm rtf rate, Kn.>.(’,llAb -f- 2 IIX) ; 

Dt-je ftassi ((ai (‘if rate, K|,dl ' 

Tri~jM)t<issiuni cifnde, Kj-CVllAb d~ H-O* these potas- 

sitMii salts arc easily soluble in water. They are^inade )>v 
mixing citric acid and potassium carl>onatc in right pro- 
portions. 

Calruini citrate, CajdCJIXb)^ + 4 II/)., This .salt is formed 
by mixing a catrate of* an alkali with calcium chloride. It is 
more easily soluble in cold than in hot water; hence boiling 
causes a precipitate in dilate solutions. 

Magnesiuni citrate, Mg 3 (C 6 H>, 07 )o 4-14 11/4. This is made by 
dissolving magnesia in citric acid. It is used in medicine. 
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Tl\ DUOXY-ACIDS, ( „( !■ 

Then' riro two luVuis to be eoiisiilerevl umler this lieiid. .They - 
art' isoiaerie. aiul botii are (etra-h>/^lroxij’d(ba^k. 

1 

Saccharic acid, Saccliaric 

:u‘ul is funiied by the t^xidaliori of cane suuai‘, chicosc*, oF sii^ar 
of milk witli nitric acid, 

I'o }nv|)arc it, it is f>cst to treat ordinary snuar with diluU* 
nitric acid. Oxalic m/id is formed at tht' same tinu'. 

ft is an amorphous mass, whicli btaoines solid only wa'th 
ditli(*nlty. When tic:ttt‘d with hydriodic acid it is eonvi‘ite<l 
int(‘ adipic acid, a mcmlaa’ of the <»xalic a('id siU'ics (sec table. 

) >au'c I i’i ) : - • 

(aricni.c + s III = ( ji,. : + 1 Hj) + ^L 

Saot'liJtrir aci*i. adipif ;u ia. 

Notk i *>n SiroFN! . — What rclaCmns ex)>i ))etwccn Jicxane, man- 
iiifo, adijac aeiil, and sacclmric acid? 

MIftcic acid, C.H.tOH), < ^ - Mucic acid 

\ Jri 

is formed by oxidiziiru' sn^cir of milk, llic ou/jis, or dulidte, with 
nitric arid. 

It is I’cst |*re|)ar<‘d by boiline* sno.ar milk with ordinary 
nitric acid. Oxalic loid tartaric acids arc formed at the same 
time. • 

It is M crystal li IN' powder which is very dilllcultly .sohibh' irt 
cold watauc^Iydriodic acid converts it into adipic acid (see 
;d.»ove, under Saccharic Acid). 



CHAPTER XI. 


CARBOHYDRATES. 

AM()N<i tlio iiiixed (‘oinpoviiHls iirc the in)|>orlMnt substances 
coininoniy known as carholff/draips. This naiiu* was oiiginallv 
given to tlieui iKaxiiisc they consist of carbon in combination 
with }iy(h'i,)gcn and oxygen, which two elements are present 
in tbe proportion to form water, as shown in the foriniihis, for 
glucose, CJljdb,. starch, (VJEoOv etc. In view of recent dis- 
coveri(‘S the name is no longer strictly accurate, as some sub- 
stances belonging to this group are now known that do not 
contain hydrogen and oxygiui in the ])roportion to form water. 
8neli a sul)slanee, for example, is rhamnose, CARi-Ib* The 
name carboliydiati^ luis, howev(‘r, been used so long tliat it 
would be (iillieult to supplant it. 

Tlie earbohydrat(‘s may be conveniently classilied unde%lhree 
hiaids. Th(‘se aia' : — 

1. Mouos<irch(f ri((ps or tinuple s^ttfurs. 

Examples of these are glucose, fructose, arabiiiose, and 
^uaniiose. 

2. J\)his(irrJiarides or i'onipUw sfNjars. 

* ' 

Examples are (*ane sugar, sugar of milk, maltose, and 
isonealtose. 

P<flp,s((rA'h(tri(h.\'i, not rcsiniitili mj i<n<jars. 

Examples are cellulose, starch, and gums. 

The monosaccharides are the sinijdest carbohydrates. Those 
that are best known have the composition, 
related to the hex-aeid alcohols, sorbite and maiinite, CTE(t)H),5. 
There are, Iiowever, simpler ones, such as arabiuose, 
erythrose, ('411804, and glycerose, CglleOa ; and some that are 
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more complex, as heptose, C;IIi 40 -, octosc, CV^liA^ nonose^ 
The inoiK)saoeljaride§, therefore, full into classes 
which are called t noses, tetroses. pioitoses, hextjses, etc., HCOt)rd- 
ii!g to the miiuher of oxygen atoms contained in them. 

By rnetliods which will be explained below, it has been shown 
that the monosaccharides or simple sugars are aldehffde alvohols 
or ketoH€-a h:oh oh. 


1 , M ON os A( CH A K 1 1 > ns . 

A. Trifpses and 7c^co.s•/^s. 

Glycerose, CjHoOu — This sugar deserves special mention 
as being the si!ni>lest member of th(‘ group of monosaccharides, 
and as having l>een obtained artitieially. It is formed l»y treat- 
ing glycerin witli mild oxidizing agents, as. for example, bromine 
and so<lium hydroxide. It is a mixture of glyceric aldeh\^le 
and dioxyacetone, the relations of whiiT to glycerin are shown 
by the following formula- : 

cif.on (HO THOM 

I I I 

CHOH (dIOlI CO 

1 ' i 1 

( HX)1J ( II, OH CHX)H 

Olyoi^rin, (tiyec-ric alUi-hyd'-, Oioxy-aci^tot)!*. 


Glycerose is a syriij> that undergoes fermentation and re- 
ducx^s alkaline solutions of co|>per salts, acting thus like many 
of the sugars, as will be shown. 


BrsrthoaeT^^H.Oj, has been obtaimal from erythrite in the 
same way that gly<a^ros{* is obtained from glycerin. 


^ Arabinoaee, C^HioO-.. Ordinary arabinose is obtained 
from cherry gum hy l^)iling with dilute Huljdmrif* acid. This 
variety is called levo-arablnoHe on account of its relation to 
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levo-glueose and levo-niannoso, nltbough it turns the plane of 
polarization to the right. />('.r/ro-(rm/yoio.sY:; and inactive arabi-*^ 
" iiosediave tdso been ol>tained, the latter by combination of the 
levo and dextro varictic.s. 

» 

Xylose, CsHitiOs, is obtained from wood gum by boiling 
with dilute acids. 

Rhamnose, Cr.Hi-O.^, has been obtained by the breaking 
down of a number of natural substances, such as quercitrin. It 
has been shown to he a methyl derivative of a pentose, and is 
therefore to be re])resented hy the formula ('IJo.Cdh/b. 


V, //c.ro.sv^s. 

Glucose, Rrape sugar (dextrose), CoH,jOo. — Glucose 
oeeiirs very widvdy distributed in the vegetable kingdom, 
especially in sweet fruits, in which it is found together with an 
equivalent cjuantity of fructose or fruit sugar. It is also found 
in lioney, together witii (Vuotose ; and, further, in the blood, in 
the livtu’, and in the urine; and in the disease Diitbelvi^ meJlitas^ 
the quantity contained in the urine is largely increased, reaching 
as high as 8 to 10 per (*ent. ^ 

Glucose is formed from several of the carlmliydrates of the 
formulas ('idG'Abi ‘^<*d by boiling with dilute mineral 

acids, (n* by th(‘ action of fvrmeiits. I'he formation from cane 
sugar lakes |)lacc according to this equation, equivalent quanti- 
ties of glucose and fnietose being formed : — 


+ lLO==r 

l.'ario 


Olucosio. Fnuaosil^ 


Starch, cellulose, and (h^xt,r^n yield glucose according to this 
equation : — 




I IiiBto.'ul of UHinp tho preflxcft tiextro , leva . and the word iuficiij'c, it ia customary 
to uso tho letUMs (U, aud Thus tht* three arabinoses are callod respectively d ara- 
Uinose, Carabinoso/aud i-arabinose. 
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Filinlly, glucose occurs iu nature, in coni hi nation with a 
nuinhcr of carbon cpin|)onmls, in the so*callcd ^^//cco.s*/^/f^s^ 'rhese 
bncak uj> easily when treated with dilute mineral acids oi*' ler- 
rncnls, and yield glurose as one of the protlncts (see (ilucosides). 
Kxainples of the glncosides are' innygdalin, lesiadin, salicin, t‘tc. 

(ilucosc is prepared on the large seide from eorn starcli in 
the rnited States, and from [M>lato starch in (ierniany* Tin* 
transformation is usually ci'fccttsl by boiling with dilute sub 
jihuric arid. The exet*ss of aei<l is removed by treating the 
solutions vvitii elialk, an.l tiltering. Ida* filtered solutions are 
eva[>orated down citlua* to a syrupy eonsisivnev, and sent into 
tiu* market uiuha’ tiie nanu's ** giueoso,” mixing .syru|)c’ ete., 
or to dryness, the s()iid prodnet iielng known in commerce as 
‘•grape >iigaf." lly ova|»orating tie* solutions down to such^ 
a con<*ent}'ation that they etuitain from 1 *J to lo !>er ('(‘nt of 
glucose, crystals are formed which closely rescmlile those of 
cane '^ugar. I'lH'y coir-ist of anhydrous grajc* sugar. 'I’hcir 
formation is fai*ilitati'd l>y adding a little of the erysiailizcd 
snlistaner* to the (amcontraled s<>lutions. 

If in the treatim-ut i>f slareli witii siil[)}inri(; a(*i<l the trans- 
formation is nut complete, and this is usually the easi*. llic 
product is a mixture of glucose, maltosi*, and dextiin. The 
longm* tin* fiction continue^, tin* larger the percentage of glucose. 

(rincose crystalli/cs fnmi concentratc/l solutions, usually in 
erystailine massrs ron>isting of minute six-sided plates. 
mass, as seen in eommereial *’* grannlat»-d grape sugar/' looks 
very mucli like gi’amilated sugar. It laystallizes from* fdeohol 
in munocfTfrifi^aystals. The swei*tness of glucose is to that of 
cane sugar as to o. Its s^jtutioifs tun*, (/te of 'polariza- 

tion to the riffU. 

(ilneose is easily oxi<]i/aal, i(*duciiTg, tin* salts of silver and 
cop|>er. When ti’eate<l with na.scent liydrogen, it yields Sorbite 
(wlncli sec). I lalcr tin* inflmaice of yeast it fi*rments, yielding 
mainly alcohol ami carbon dioxide. Tut rid cheese transforms 
it first into lactic aci<) and then into butyric acid \ry the so-called 
lactic acid fermentation. 



GLUCOSE. 


181 


(iliU'Orte forms oomponiKls with JiietulB and salts. Among 
tlu* better kiiovvu compoumls of tljis kind^are those mentioned 
l >elbw : - — 

iS’ o i] h/ HI if} t ! n ,sh 

So(li((/n rfilnride (jlurosi’ . *i ( '.^1 i,J t- . NaCl 4- 11>0 ; 

also Nad -f ! M O, arnl 2 NaCl. These com- 

|)Oih)(ls. with sodium (*[iiorid»\ rrvstullize vvtdl, andean be easily 
obtaiiUMj ill pme condition. 

CHfni<' OXidn (jhfrii^e , . . CiiO. 

Itv treatnimt with a(adie anhydride, gineose yields a product 
containing live acetyl g^roups, |)eMt-acet\ l-ghicose, 

•Noj-n re.u SrrmcNi. W'hat does tlu* formation of this compound 
indicate ? 

It is oft(m important to know (lie (piantity of gliieose con- 
tained in a giv(']i itpuid : as, for ^example, in Ih * urine in a ca.se 
of >ii.^p(*eie(.l diabetes. For tlie jmrpose of making tlu' estima- 
tion, advantage is taken of the action of glneo^e towards an 
alkaline* solution of eo|)p,’r sulpbatic 'fbe solution ei>mmonly 
used is liiat knov, n as FV/zZ/z/g’s sniuffoi/. It is prepared by 
dissolving .dlJih' <*rvst aliized pure (*opper snl|»h‘ato in water, 

^ adding a solut ion of 2(M}- potassium .sodium tartrate, and h(MF 
to 700' caustic soda of the specific gravity 1.12, and diluting 
so thal the whoh^ makes one litre. 

Kxpcriituvrit: tiS. Make Icilf the zjViantity of F;tai1ig’s solution 
above incut ioned, and put in a bottle wiih a gla^s .sj^)pper. In a test- 
tube boil about 10"' of this solution, and tluai add a few drops of a 
dilute solution of glueose.* (hzntiniie to boil, and add a little more of 
tlu^ uhicost* solution; and so on, until, on n‘ino\ inc: the tube from the 
lamj), a dark-red uni foi'indookinu' preei))itate se1lh‘s. leavinir the liquid ^ 
above it ]»erfectly elear and colorless. ddiis [>reeipitato is cuprous 
oxide. I5v taking pre^per {ueeautioiis, the exact amount of glucose 
present in a .s>olution can be estimated in this way. 
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Ordinary glucose is known as f/-ghu*osc on aecoiini of its 
iVextro-roUitory power. lioth /^glucose and ?'glu(‘oso have been 
made. 

Fructose, fruit sugar (le.vulose)» QHi-Oc.. — 'riiis sugar 
occurs togetlu’i' with gliicoso, and in eqnivalcUL (piantities, in 
fruits ; and is fonned by the action of dilute mineral acids, or 
ferments, on caiui sugar. Pure fructose is obtained by lieating 
iiiulin, a carbohydrate of the fonnnla ( ’j J >u;, willi very tlilute 
acids. It is also forimal >)y tlic oxidation of d-mannite. 

Ordinary fructose is called d-fructosc, although it turns the 
plaitc of polarization to the left. 'The rea.^oii for tiiis is that it 
is relate<l to other sul>stanet*s that are (iextro-rotatory. 

Fructose can be olitained in the form ot (*ry.stals. It is aliout 
as sweet as cane sugar, ami has betui ])ropo.scd as a substitute 
for this in diabetes. 

i-Fructose has lua-n made artiiicitdiy in three ways: 1. By 
polymerisation of forinie .lidehydtu ( Hdb under the intiuence 
of bases ; 2 . Bv smaa-ssive Irrahueiit of amoleiii with lu-omitie 
and b:ciyta waiter : .and **1. l>y the action of a wc.ak alkali on 
the cU'cerost' obtained bv oxidation of givcinin. 

AVlicn /-fnictost^ is tr'catrd vviili yfast, it is jiarliy transformed 
bv the ferment into aieohol .'uid eaidion dioxide. it is the 
d-rractosi‘ coiitiiiued in it tiial niideigoc^s the change, while the 
Z-fructose rmnains ladiind uneiianged, and can thus lie obtaineil 
free from the olfser tw»» varirdies. 

Coni^tiPffinn ()f o/el /c'/' /os/'. — Two nmclions have 

been of special valm‘ in tht‘ <let('rminalion of the constitution 
of the memh^. (>f tiie gron|> of monosaecharides. 

a. Wlicu either an aldehyde or an aoidaiue is treated with 
hydrocyanic acid, an addition-product is fonncil thiKs : — 


ri 


and 


CH,.( -O + fK N 

(IF 

nF 


+ IICN 


[{ 

} 

. (;H, 
CM, 


, Oil 
C N 


^C< 


on 



FKUCTOSK 


183 


The produetH can be converted into corresponding acids by^ 
the change of the cyanogen group into caflFOxyl. By the aid 
of tfiese reactions it has l)een shown that glucose is an aldehyde, 
and fructose a ketone, of these formulas : — 


• 

( 1 1.01 1 

Clio 

1 

1 

CO 

(CIIOM), 

1 

1 

(( IIOH), 

CHX)H 

) 

( ILOIT 

(J luCOlir. 

KriiC'.Urff 


By adding hydrocyanic acid to glucose, transforming the 
nitrile into the acid, and reducing the acid. tli(‘ product obtained 
•'Was found to be a normal acadof the formula (1 1 j , (C'1L),..C0J1 ; 
wliUe the product oldained in the same way iVom fructose was 
found to have the formula 




(d ),ll 


These facts can only be explainc<l on the assumption that 
glucose and fructose have the formulas above assigned to them. 

b. When an aldehyde or**^an acetone is treated with phenyi- 
hydrazine, ( JI , . NH . NH„ a reaction takt's place, as represented 
in this equation : — 

11 IT 

1 I 

f ll.N,NIKyi-^ bbO- 

• 

d'he products thus formed are called ^ 

The sugars form hydrazones. and if an exc^^ss of phenyl- 
hydrazine is used, a second reaction tak(*s |)lace involving the 
introduction of a seeonj rtesidue of |)henylliydrazine. The 
products tlius formed Tire called osat-o/nes*. Iduis from both 
glucose and fructose an osazone of the forinula 


CI 1 T) 1 I(C 1 I()II),.( 1 --C 
!i 11 

Cy 1 , . TIN . N N . NIK ell,, is obtained. 



184 


CAltnOftVl»UATl08. 


Tliese liave made the thoroiioli iavestiuatioM of tiie 

sup::irs; possible, as *hey are almost insoluble ip water and Iiave 
eharaeteri^^tic pro[)erties. iiy their aid sugars etin be separated 
from their solutions, and eau be reeoguized. The osazones 
call be fouverted into sugars. 

Mannose, Ct-.HuOr. — d-Manuose is one of tlu‘ products of 
f>xidation of d-maunite, and is obtained by Ibe action of dilute 
acids on some kinds of (‘ollulosio 'I'he siiaviugs formed in the 
inanufiieture of buttons froui vegetable ivory are rich in the 
eellulose which yi*,dds d-inaum>se. 

/-Mannose and /-mannose liav(‘ also Ihhuj prej)ared. 

The mannoses are aldehydes, atid are stereoisomeric witli 
glucose. 

Galactose, C. H -O,- — d-( talaclose is formed by treatment 
of sugar of milk with dilute acid.^. d-glucose being formed at 
tlie same tiimu Other carbohydrates also yield it. /- an<i 
/'-gala(‘t< /ses ai\* known. Ily redtietion d- and /-galmdoses are 
tiansfunned into duleite. By oxvdation all three galactoses 
yield mu( i(.‘ acid. 

* 

2 . ]*nLV- < H AKIOK" OK ( oMKLl-N SlUiAliS. 

Cane sugar, — 'i'lii'' well-known ^ ;u■iety of sugar 

rK‘cnrs vt-ry wu^lt-ly distribntofi in nalina^, \n sugar eamu sorglunn, 
the Java j»alin. the sugai' mapha mad<ler r<)ot, coffee, 

walnuts. Iia/.tl nuts. swiaJ and bittn* almonds: in the blossom.s 
of nnuiv plants; in lionry, etc., etc. 

It is ob^ftbied inainly fioiii tlK‘ suirar cane and fiorn )>eets. 
In eitht'r ea>e t)fe proce-s*'.'^ of (‘xtracdion and refining are largely 
inee!tani(*al. \\ lam sugar nme is u^(ai, tiiis is maeeratrd with 
w'ater ttj di-'-soive the sugar, 'rims a* (Uirk-eolortsl solutiou is 
obtained. I’his is evap(;rated, and thou passed through liltois 
of bonedJack which remove the eoloriiig matter. 'Fhe solu- 
tion is evaporated in the air to sonn^ extent, an<l tlien in 
large vessels called “vacuum pans,” from which the air is 
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pai’tly oxhaustcd, so tliat the boiling takes ])lace at a lowgr 
tciiipei'atiire would ho required uiiifer the ordiiiarv pres- 

sure of tlie atnios[>here. I'lie uiixture of crystals and iiiother 
li(]uors o})taiiied from the “ vaenum pans” is fret*d froni the 
liipiid hy l)eini^ brought into tlu* ” centrifugals.” "riiese are 
fiinnel-sha|K'd sieves which are revolved very ra]>idly. the liquid 
]>eii/h thus IIh’owu by eentrifugal forev* through the ‘)[)(‘iiings 
of tile sieve, wliile the crystals remain beiiind and ar(‘ thus 
nearly dried. Tlie linal drying is efft.'cted by ])ht(*ing the ciys- 
lals in a. ^varm room. 

Wlien fleets ar(‘ iisihI tlie process is es>entialiy the same, 
t.liongli there are soiur dirferences in the eUdnils. 

The mother liquors whiclj are obtaiiu'd from th(i centrif- 
ugals” ai'e fuj'ther e\ apoi-att-d, ami yield lower gra(h‘s of sugar; 
afid. finally, a syrup is obtainefl uhicli d<aes ikjI crystallize. 
Thi s is ]MolavSsi‘s is sonu'tiim's lirouglit into the 

market as such ; sometimes, }>urlieularly when obtained from 
fleet sugar, it is allowed to ferment for the j)uri>ose of imdcing 
aleobol. Tlii* s}>ent wash, or waste li(jUor. •• vinasse,” is mjw 
evajiorated to dryness and ealeiue«l for tin? jnirpose of getting 
the alkaline salts eontaiuefl in the re^idui's. Tile pro<Iucts of 
distillation are ('olleeted, and from them tri-methyl-amiiie is 


separated (see [). IMl). 

Sugar ervstallizes from water in well-formed, large mono- 
* elinie jirisms. It is dextro-rotatory. AVhmi heahal to iMO^to 
eaiie sugar loses wat(M‘, and is eouverted into the snfistanee 
ealhai I'antnud^ which is mori' or less brown in (*oloi*. aeeonlinji 
^to the duration of tlu‘ lu*atiug and the tenq>*'rature naiehed. 
Uoihal with dilutee acids, cane sugar is sjilit into equal [lafts 
of gliieosc and fructose, as has been stated. The mixture of 
the two is called f uveH-svfjar, The pro(*ess is called in version. 
It takes place, to some exhmt, wiien im[>iire sugar is allowed i 
to stand. Menco invert-sugar is coiittuned in the brown suoars 
found in the market. Yeast gradually transforms cane sugar 
into glucose and fructose, and these then undergo fermentation. 
Cane sugar itself does not ferment. ^ 
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Kx|x*riinf^nt 30. Arraiitif* two pilot's of apparatus in Kxp. 7, 
fn oiu* put tos' to 5«^ J^riipo sircar and a certain (piantily of yeast, as 
in Kx|). 7; in the otiu r init tiio same amount of Ane sugar and of 
yeast. Notice tlie ditfercnce. 

Cline sugar (ioi's not reduoo an niknline solifliori of eoj)[K'r 
sulphato, 

thypcrlmcnt 40. Prepao' a dilute 'Solution of cane sugar by dis- 
solving i* to 2 ^ in water. Test this with Feliling’s solnlion, 

ivs in Exp. ;is. XVov add to tlie sugar solution ]o tlroiis (•(uuamtniled 
hydn^t hlorie a< id, and heat J‘t>r half an hour on the water-hath at 
100- ; exactly neutralize the aeid witli a dilute solntiou of sodium 
carbonate, and lest wiili thdiling's solution. 

Oxidizing agents readily (oinaat laanc .siio-at* into o.xaiic^ tieid 
(see Kxn. :U ; and saecbarie ueid. 

Like glucose, cane sugar forms compounds witli metals, 
imdalite texides, and salt.s. Among tlhast; tin.* following iiniy 
).H* mentioned : — 

SfMjhhii sun'ote 
So^.l O oa - e// /f oa /e 
i H! Siir rilh, 

and Lrni*' s^o’/ycO- 

rhese dtarivatives are not sweet. 

An orf-nrefitt^' of the formula In been 

made by treuling sugar with sodium acetate and acetic ai^iy- 
tiride. 

Though ctine sugar reariily breaks up into glucose and fruc- 
tose, IK> one has^'succceded as yet in ejecting tlie union of thesr* 
two substances to foi in cane sugar. The character of the rela- 
tion between it and tin* two monosaccliarUles is not understood. 

Sug'ar of milk, lactose, Cf..H220n r H^O. — This sugar 
occurs ill the milk of all mammals, and is obtained in the raauu- 
faclure of cheese. The casein is separated from the milk by 


(’,JLi<)„.Na, 
(',dlA)n. NaCL 

(\JbJ)n.2(hi(). 
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aieans of rennet; the su^ar of milk rcniaiiiH in solution, Is, 
separated by evaporation, and j)uri(icd In 1 ^‘erystallizatioii. It 
eryatallizes in rlioinbie erystals. That whieli conies into tin 
market has Ixam crystallized on strings oi' wor^d spliaters. Jt 
has a sligiilly sw('(‘t tastes is inucli h‘ss sohi)>]e in water than 
(ainc sugar, and is dextro-rotatory. It reduces Fehling’s solu- 
tion. " Oxidized with nitric acid, it yields nmcic and .saccharic 
acids. Nascent hydrogen ('onverts sugar of milk into mannite, 
dulcite, and other sul»stauces. Like glucose and cane sugar, 
it forms compounds with bastes, dissolving lime, liaryta, lead 
oxide, c‘t(‘. 

Sugar of milk ferments under eeilain cireuinstanees, and 
is thus eomerteal into lactie aeid. souring of milk is a 

result of t his feme ulal ion. Tin* lactie aeid formed coagulateB 
thc^ casc’in ; hence the thii'kmdug. 

Maltose, Ci-H-On- -- This carboiiydrate is form(‘d ]>v tlie 
aetion of cc/// on stai’ch. Malt, wliich is made l)y steeping 
harlev in watv'r until it gmauinates, and then drying it, eontains 
a snbslanet' ealhnl d/f/.s'/«/.vo, whieh lias the powm* of etTeeting 
eJiange.s similar to some of those (iteeted i)y the ferments. 
Tims, it nets upon stareli, and converts it into dextrin and 
m id lose : — 

Slrin-h ;Mah*\so. Dr'.vtrin. 

Ma|^ose is also hiniHal by the action of dilnti^ sulphuric aeid 
upon stai<*h, and is henei' (‘ontained in eommereial giueoses. 

I>y further trtaUinenl with sul|)hurie aeid it* is (‘ourerted into 

* 

glucose. IMaltose crystallizes in fine needles if is dextro-rota- 
tory; reduces Fehling's solution, and ferments with yeast. 

. 1^ :) L V S A o r H A n 1 1 ) K S , N O F 1 1 K S I C M H 1 . 1 X O vS T < I A H S . 

Cellulose, (CuHiaO.'Vr. — (’elliilose forms the ground work 
of all vegetable tissues. It presents ditTerent appearances 
and difierent properties, according to the source from which it 
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is obLnined ; but these difforenee.s :ire due to su])stunees with 
which the celiulosi*. is inixi'd ; and when they arc? reuioved, 
the cellulose left l)eliiiul is the same thing, no matter what 
its source* may jiave been. 'I'lie <*oarse wood of trees, as well 
as the teiKka’ shoots of the most (hdieatt* piafu<, all contain 
cellulose as an essential constituent. It forii)S the niemhrane 
of the cells. ( otton-wool, heni[), and tlax consist jtlinost 
w'holly of cellulose. 

For the t)rej>aration of cellulose, either Swedish tilter-paper 
or cotton-wool may be tidvcn. 

Experiment 41. Treat some cotton-wool siiccessix civ with ctlicr, 
alcohol, water, a caustic alkali, aiui, tinally. a diliite acid. Then wash 
with water. 

(.’elliilose is amorphous; insoluble in all ordinary solven/s: 
solul)le in an aujuioaiac.-i! >o!ution of cu[)ric oxide. It dis- 
solves in concentrated sul{>iinric acid. If tln‘ solution is 
diluted and boihul. the cvliitlose is (‘oin cried into dextrin 
and glueose. It will thus be seen Unit rags, pii|»er, and 
wood, wliieh eonsist largely of <M>ilulosc. might f>e used for 
the preparation <d' glucose, and conse(pieully of alcohol. 

Experiment 42. Dissolve a slirrt or tw^) of |]ltcr-}*a{a‘r in as small 
a (j,uant:ity of < onccntr.'UoMl sulphuric a(Url as will' suftice ; dilute with 
water to ahou* fudf to {lu'< <*-utiarters of a litre, and hoil for an hour^ 
Kcinovi’ file -^ulidiuric acid hv imuins cd" chalk: tiller: «'vajM>r{it<' : and 
test for ghirosr hy iiirans cd' Feldina's solution. ' 

Gun cotton^ pyroxylin, nitro-cellulose. — Fellulosc has 
Some of tlie properties of alcohols; among them the power to 
form ethereal salts with acids. "rhns,*vvhen treated with nitric 
acid, it forms several nitrates, just as glycerin forms th(! nitrates 
known as nitro-glycerin (which see). 

Treated for a sliort lime with sidphnrie and nitric acids, 
cellulose is converted into the lower nitrabis, [tarticularly the 
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totra- and jxaita-nitrates. A Holution of these in a inixturii of^ 
ellier and al(X>hol is known as roZ/od/o//. wliieli is raueli 

(!se(f in ])}iotourri|>hy. W'hm })oured upon any surface* vsuch as 
ylass. tile (dher nn<I aleohol ra]>idly evtiporatv , leaving a thin 
(.'ojiting of tiu* iut.rat*‘.s wlneii were in .solution. 

When treated for twenty-four iioiirs at 10^ with a mixture 
of nittie and sulphiii'ie aeids, eellulose yiehls the h('xa-nitrai.(' 
wliich is used as an (‘X[>lo.sive under tiie 
name of gun eotton. It is use<l ehielly for Masting. 

An intiinati^ mixlure of gun eoltmi and cain|>hor has come 
into tevtensivc nS(‘ iindcu- the name of r^ lhiJohl. A.s it is plastic* 
at a slightly elevated leniiieratun*. it ri\\\ raisily be inouided into 
any desin'd .sha|)e. WiiiUi it cools it haitlens. 

A 

Paper. — l*a[)er in its many forms consists mainly of cellu- 
lose. The essential features in tin* jjiannfaelure of ]>a})er are, 
first, tin* <ltsintegration olMlu* sul>stan<‘es used. This is (Uleeted 
parti}' meehanic'ally. ;uh 1 j^rtrtly by boiling witli eausti<* soda. 
Th(* mass is eonveitc<l into pulp by metins of knives ]daeed on 
rollei’s. Till* [)iii[>, with (Ite ueecs>arv (piantity of wattua is 
then })assed la'tweeii rollers, ( liielly rags of eoUon or linen 
are used in the manuiaetuia* of paper; wood and straw are 
also used. 

* Starch, (CoHi >On )a - vStnreli is fouml everywhere in the vege- 

tabl^ji kjngtlom in large (juanlitv, partieularl}- in all kinds of 
grain, as iiiaizr*, wheat, etc. ; in tubers, as (he {>otato. arrow- 
root, ide. ; iti fruits, ;is ela'stnuls, aeonis, etc. 

In the United States starcli is maiinfaetiuafl mainly from 
maize; in Euro] ay frotn potatoes, 

Tlie |)roeesses invoha'd in tlte mamifaeture of starch are 
mostly nu'elianieal. The maize is first treat I’d with warm 
water ; tlu* softened gj’ain is then gia)iirid betwi'en stones, a 
stream of water rnnning eontiiuiously into the mill. The thin 
paste which is carried away is brought upon sieves of. silk j)olt- 
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^ ing-eloth, which are kept in constant motion. The starch i)asses 
tbrougli with the water as a milky tluid, and this is allowetl to 
st‘rtle when the water is drawn olT. The starch is next treated 
with wi4er containing a little alkali (caustic soda, or .sodium 
carbonate), tiu* object of wluch is to dissolve** gluten, oil, etc. 
'I'he mixture is now brought into shallow, long wooden runs, 
where the starcli is deposited, tin* alkaline water running off. 
Fimdly, the starch is waslual with watei", and ilried at a low 
temperature. 

Starch has a granular slruetun'. the grains .as seen under the 
microscope liaving a series of concentric markings, the uncleus 
of which is at one side. 

.Shirch in its usual condition is insolul>h‘ in water. If grouml 
witli cold waU*r, it is partly <lissolved. If hcaUal w*ith water* 
tile membranes of the starch-cells arc l>n)k(m, and the coidfDls 
ftinn a feiitial solution. On cooling, it forms a transpanuit 
jelly called stan h p^fst4\ 

Witli iodine, starch jKiste gives a deep blue color; wdlh bru- 
in i mg a yellow color. 

Kxperiinent 4-B. Make starefj paste thus: Put a few grams 

of st.ardd in an evaporating disli; pour (‘nongh er>M water tpxm it to 
cover it ; grind it under the water uilli a pestlr, and then pour to 
hot water upon it, ^Vjlen this is <-oo|, add a f<‘\v drops to a litre 
of water, and then add a few droj>> of potassium iodhh'. .Vs long as 
tlie iodine is in combination with tIu* potassium im ('hange of cohA 
takes jdar'e; hut if the iodlm'/js st't tVci* by tlie addition of a drop or 
two of ddorine water. «)r of strong nitric acid, tin’ eidire li<|uid turns 
a beautiful dark idms The <aius(‘ of this rador is the foriiiation of a 
very uiistabh' compound of starch and ii>dine. Tlie color is easily 
destroyed by a sliglu; excess of chlorine w.ater (try it In a t<‘st4ube) ; 
by alkalies (try it) ; by sulphurous achl (Ip' It.) ; by hydrogen sulpidde 
(try it); etc. It is also de.strovasl by lieating. (Heat some of the 
soIuti<>u in a te.st-tabe, and let It stand.) 'fhe color reappears on 
cooling. 

^ ''Hif* purefit form of st4ir4> to bo fouixl in the markia la thul madr from arrow rw>l. 
Ordinary ftUrch to/ila}n« nihf r sui>Mfam;aiw \v)jh*)j Hoa>i*!hn»*rt intorffre witli th^ nttctionw. 
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Kxporlincnt 44. Uso sorno of the starch paste m studying the 
clfect of broiuinc upon it. Use dilute solutions.. The bromine must 
Tte in tite free condition. 

It lias })(*on stated that starch is converted into dextiliu inai 

» 

tose, and glucose by diluic actuls ; and that diastase c(jiiv erts 

it into niaitose an<l divxtrin. 

0 

Experiment 45. Add 20<‘‘' concentrated hydrochloric acid to 200^''^ 
of the starch paste already made, and licat for two hours on tlie water- 
l)ath, eouiiecting the llask with an iiiverlod condenser (see Fig. 8). 
'riien examine with F(‘hling’s solution. Test, also, some of tlie original 
stareli paste with Fchliug's solution. 


Dextrin, C,.H|.A,. — Dextrin, as lias sUitcd. is formed 

bv tnaiting starch with dilute acids or diastase. It is converted 
by further treatment with a(!ids into glucose. The substance 
ordinarily calhal dcxtiiii lias Vieen shown to l>e a mixture of 
.several isomeric substaiU'C.s wliich rcscinldc each other very 
closely. The mixture is an uncrvslallizablc solid. It is 
strongly di'xtro-rotatorv ; givi*s a icd color witli iodine. and 
di)cs not reduce Fchliug’s .solution. It is used extensively as 
a sulislitutc for gum. 

Gums. — Tnder this head are included a miniber of sub- 
st^vuces wliich occur in nature. One of tlie best known is fjuni 
((rahi(\ whic'Ii is obtained in Senegambia from the hark of trees 
belonging to the Arncfa vari<dy. Its formula, like that of cane 
sugar, is ( V>n.T)i,. Other gums are e;oo(? obtained from 

the l)ireh, ash, iieeeli, etc.; hussoiin. the chief |(?onstituent of 
gum tragaeanth, etc. 

Our knowledge of the eliemistry of these gums is very limited 
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MIXED COMPOUNDS CONTAINING NITROGEN. 

In speakiiiir of the pre[>:iratioii of tvcids from mono- 

diksk* r(*fmvnor was mad<‘ to <'yan-acoti<* and llu* two 

nvan-propionic axads. 'riit‘^e am nol}iin,L>‘ )>nt siinpln cyanognn 
.sid»stitution-[)rodu(‘ts analogous; to (•lilor-a(a‘ti(' and tlu* two 
cliiin-{>ro|>i<.)nie acids. 'I'hcy arc made l>y tr(\*ding tlie chlorine 
[)rodiicts with potassiuni cyaniih*. I'hcy have hccu useful 
cliicrty in (lie [)rc[>aration of dibasic acids, as descaibed in *"011- 
nection with malonic and the two succinic a(‘i«ls. It will thcii*- 
fore not i>c ma/cssary to consider tiicin iiulividiiaily heiao 

Norn Fou S rci*F.N r, - - How can malonie ht* made front ic acid ; 
and yie two succiaic acids from propionic at'id ? Give the c«ja‘il.iojrs. 

The chief substances to la* considcrtMl umicr the head of 
r/ii.rfd rntnpoK tojH ronfiiud mj nifrofjf'if a, re iJie a >/( and 
the if-cid amides. As will Ih^ s(;en, both thest* tdassics of snlo 
sbuiccs are of s[)ccia} infeaest, as they n'}>resent forms of com- 
Innation wliich arc favorite ones in nature, especially in tl^c 
animal kingdom, some of the most imp^n tant subsUxnct‘s found 
in the animal body, sucii as urea, uric acid, glyeoeulU etc., 
belonging U) one or botii the e]a.sses. 

Amido-acids. 

The relation nf an amidfoacid to tlie simple acid is, as the 
name implies, the same as that of an funido derivative ot' a 
hydroetirbon to the hydrocarbon, 'riiat is to say, it may I>e 
regarded as the acid in wbiclt a hydrogen is lAipItKaal by the 
xiniido group, NHi,. Thus, aiuido-ucetic acid is lejjrcseiited 
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by the fonmila ^ » while atnido-inethane, or methyl- 

is represented thus, The reasons for regard- 

ing Tnetliyl-amine as a su)>stituted ainnionia, as represenled, 
have been states,]. Tlie foiniiila is based U})on the reactions 
of the sul)8tanee ; that is, upon its cheniieal conduct and tiu' 
methoc^s used in its ])re[)aration. The same aigninents lead 
in tlie same w;ty to the view tliat tie* amido-acids are 
substituted ammonias, and, at the same time, acids. The 
simplest method for their {)ref)arati(m coii>ists in treating 
halogen derivatives of tlie acids with ammonia: thus amido- 
acetio acid can be mad(^ by treating brom-acetic acid with 
ammonia : — 

Notk Fon Sti’1)i:nt, - - < ’mtipare this rvacUon with that made use 
of for ntakiii^ nieth\ haniine. 

NH 

Amido-formic acid, carbamic acid, ^ . — d'his acid 

CO,H 

is not known in the froc (‘ondition. Its ammonium salt. 
Nll,^ 

I , is fornuMi when carbon dioxide and ammonia are 

lirought toiictiiei : — 

Mi, 

i 

C-(), + 2 Ml, C (),Ml». 

• 

Tlio other (’arbainatcs arc i)re[)ared from t^e ammonium 
salt. Tlu*\ are deeomposiMl. yielding carlionates and ammonia, 
'rims, when [lotassinm caijiamate is warmed in water solution, 
decoinjiositioii Uikes })laee, as reinaesented in the equation,-- 

NH,.( (),K + ILO ^ NH; + HKCO,. 

The ethereal salts of carbamic acid are readily made by 
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treiitiug' t]K‘ t‘thorojil salts t)f clilor-foniiie acid (see p. 157j 
with Mininouia : — 

Cl mi, 

I { 

C’OXUT, 4- Nil, :::- (04 Jl, 4- NH/'l. 

Ainido-fomjir arid eainiot Ik^ taktai ns a fair reprt‘sentntive 
of the iiinido-:u*ids. any more than carbonic acid can be taken 
as a fair re[>resentativ<‘ of the hydroxy-acids. 


fflyoocoll Blyoine,,^ / ,NH «„■ 

amido-acetic acid, ) A ‘ (-/O.H / 

bilt^ are contained two coni|ilieated acids, which art‘ known as 
clycocholic and taurodiolii* acids. When glycocholic acid is 
boileii will) hydrochloric ticid. it biaaiks np, yichiinu’ <*holic acifS 
and c:lycoco]L In the urine of hor^tes fouial an acid known 
a.s liippui'ic acid. \Vlien this is boiled with hydrochloric atad, 
it lu’i'aks up into l-cnzoic aci<l and clyco<’o}l. 

When uiX* acid is tri'ated with liydi'ioirK* arad. <.dy(‘ocoll is 
one of the j)h)dncts. h'urthe'r, irl} c<.*eoll is tb?*med when e'hn^ 
is lM:>i]e<l wilii l>aryta water or dilute sni[)hui'lc aeid. Its forma- 
tioii from l>nuii-ac<ai<* aei<] aid ammonia, }iK‘nti<»ned a}>o\ e, ^ives 
the eleare,>t indication in regard to its relation to acetic acid. 

Ami<lo-a(*etic acid ha.s ))oth acid and basic [>ropcrtics. It 
unites with aeids, formin;^ weak salts ; aial it acts upon bases, 
dvin^ salts w'itii metals, - the amido-aeetates. It also unites 
with salts, forming doui>]e coni])omids. 

Exam{)les of the r'omjjounds with aci<ls arc* Mic 

}f>/i]*Kh/!,rkk . . . . CII. c 

■ COJl 

ai.dthe Nitmtfi NH.- HNO., 

“ CO, ,11 

iff the salts with metals. 


Zinc 

a n d Copper am ido -aceta te 


Zn((’JltN(b),4- ILO, 
(m((VH,NO ,)2 4- lU); 
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of tlio <‘()rii(>ouiJ(ls with the double wait of 


Copp^'r )utrule 


and i^oppi'T <rr/ii(h)-acetal('j\ 


I ( 'll ( NO,), .( ;u (C,li,NO,),+ 2 H, 0 . 


I 

Trc‘ut(‘d with nitrous arid, glyeoeoll is converted into hydroxy- 
aeetie y^<-id. 

Na>TK'i <>K Sn Di.N r. — \Vrit(‘tlu‘ ounatioii rcprosontnig the reaction 
winch lakt^.s jolacc' wlien glvcocoll is treate<l with nilivnis acid. 


Sarcosine» methyl-g'lycocoll, C,H:NO,f 

If In’orn-acetic acid is fr<*at<Mi will] nadhyl-ainiiu* iiistead of 
with aininoiiia. a ri’aclion takes plact* similar to that whicli takers 
place with tinunonia, llic |noduct Iteing inetlnjl (jhjrocoJl vv ,sorco- 
: — 

( ll V' **'' -f- 2 NT] , == ('ll., f Nll.P.r : iiiid 

- CO, ,11 ■ - (’0,11 

ClI., :' f 2(11. Ml, =- ('n.,< ' + NIl,(('H.)Bi-. 

■ (0,11 - ■ Co.,! I 

Sarcosim^ is a |)rodu<‘t of the deeompositioji of creatine, w'hieh 
is found m lh*sh. and of cafteine, which is a constituent of cotTcc 
and tea. It is (^ilitained from creatine and cafteine by boiling 
tliem with harvta water. 

Its proptadies ai'v' mueh hk(‘ those of glycaK'oIl. 

• 

Axnid^^"' propionic acuds, C .H;NO . — Tfaesi' acids bear to 
|)]‘opionic ac id n*];d ions similar to tliat whiidi aiindo*at‘etie acid 
lK‘ars to acetic acid, ddierc are two, corresp(.)nding to a- and 
/i-cldoi'-t^^opionie aeitis. from whicli they arc mai^c. Tli(‘y arc 
not found in nature. "Fhcir j>ropia1ies are much like those of 
dyeocoll. 

Notk Foie^STiTi>r:N r. - Wliat siihstances would be formed by treat- 
iujj: the two aiuido'propioiuc aeids witli nitrous aeids? 

Among tbv' aiuido derivatives of the higlier iiuuiibers of the 
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fatty JK'id series. Unit of eaproie acid should be spoeially men- 
tioned. 

Leucine, a-amido-caproic acid, 

C.H,NO, I CH;.CH ^CH,*CH,.CH(NHJ.CO.HJ. 

Leiieine is found v(‘ry Avidoly in (he iinimid kinjj^doin. 

as in the spl(*en. pan(a‘(.^*^.s, nnd l>raln. It h:i>> rdso }>een found 
iu the vea'etablu kin^-dfun in a tew plants. It is [)r(»(]u(a‘(l hy 
the dee(»ni|K)sition of suhstanees e<uitainin<4' alhumin or <ielatin. 
It Inis I'tani nnuU' by Healing »j-br(>in-ea{u*out acid with annuonia. 


Ann >« )-> r 1 . n ! o M c Acids. 

Just as tlu‘re arc amido <lerivarives of tin* ('arl)onic acids, 
so, too, there are atuido drrivatives of tlie Biil[)lM.>tiic arnMs. 
Only one of tlicsc nci'd i)*‘ tM>nsidert‘d. 


Taurine, } 

AiiiidO'isethionic acid, ^ 


C.H:NSo/ CH 


. SO,H', 

"NH. 


Tauriiu' is hunid in (‘onihination with <'holi(* .-u-id in tauroehoiic 
acid, iu ox bik* and the hile of juauy aiiiinal>, as well as in 
other aMi?u;d li(juids. It lias beeti made syntladieally from 


isetliionic aeid, (' 


.<df 
‘ so II 


, bv treat! nir the. atad succcssiveh' 


witli piiosph<»rus j)enttM'hk»ri<le and ammonia:- 


i’O-. = ( ‘ , 4- I’OCl, + IK'l; 

Irt*'t)!»orsi>' Chtor-rJ). yi-i^nltUion ide, 

, + IU) =( 11 ,.-:^’ + IICI; 

■ * so.,( i ■ - ' so., 01 1 


i 'lilor-ctl> v(.siil})lu)nii; id. 


Cl 




Taiiri M_ 


'raurine crystallizes in larire tetragonal jirisms. It is a. verv 
stable sidistancc, and (am Ik* boiled with concentrated a(*ids witle 
out diK'OMiposition. With nitrous acids it yields isetliionic acid 
It unites with bases fonniag salts. 
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The only aTnirlo-dihusic uoid which lu^ed be considered i.s 
ninido-sneeiiiic acid. 




Aspartic acid, i ( 

Amido-succdnic acid, ■ \ 

As|uutic acid occurs in }unu|>kin s(M‘ds, and is fr< ‘qucutly 
inet ^wtli ns :i pioduct of boiling various nnlund coinpcuinds 
with dilute' iK'ids. dduis, for cxarnph% it is foi’ined wluni casein 
and ‘allminiu arc treatt'd in this way. It is formed also when 
asparagine (wliich setq is Ixuled witli acids or alkaTu's. 

Aspartic acid cjystalli/n's. It turns the plane of polarization, 
under some cin'inustama s to tiie rigid, under otliers to the left. 
'rreaU'd with nitrous acids it yields malic acid. 


A< n» Amioks. 

When th(' ammoniiini salt of aeetie*. acid is heated, it gives off 
water, and a body (listils over whieli is known as tirflaniidp. 
'idle reaction which takes place is represented by the following 
<a[ua tion : — 

CI1,.( OOMI^ -- ONU, -f ILO. 

The substance ol>tained has neither ai'id nor basic {»roperties. 
An examination of the ammoiuiim salts of other acids shows 
tiiat th(* reaction is a g(‘ncral om*. ami a class of neutnil bodies, 
ftnown as the a^'id antides^ can thus be obtained. 

As np one of the acid amid<‘s of the fatty acid siudes is of 
.sj>eeijd imfiortanee, a few woi’ds of a general cjiaracter in regard 
to the class will sutliee. 

Besides tlic rea<dion aliove refened to for leaking the acid 
amides, tliere are two ollu'is of general a|)])lication. One con- 
sists in treating an etliereal salt of an ai*id with ammonia ; 
tluis, wlien ethyl acetate is treated with ammonia, this reaction 
takes [)hute : — 

CH^.COAH^ + NH, CIIy.CONll, T CTIeO. 
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The other reaction consists in treating the acid chlorides witli 
annnonia. Thus, to get acctiiinidc, vve may treat acetyl chloride 
(see p. hi) >Yit!i amnion ia : — 

CM,, ('0(1 + rrr (TC.CONIL + NIl/'l. 

This last reaction is pcr])a[)s uscmI most fr(»qneiitly. It shows 
tiic relation whicli (exists ladwcen a<‘idi(* acid and inadainitlc. 
For acetyl chloride* is made tVum :M‘<‘tie a(*id by treatnu*nt witlj 
phosphorus trichhiridc, and is, therefore, as has been pointed 
out, to be regarded a> :ieetie aeid in whleh the hydroxyl is 
rci>laced l»y {‘Idorine. Xovv, ]»y ti’ealuauit with ammonia tlie 
same reaction takes place as that wliieh wt* have had to deal 
with in tli<‘ })re|*aration of amido-aeids. ilu* cldorine is leplaced 
by the amido gnnip. 'rherefore. aci‘taiiiide is acetic acid in 
which the hydroxyl is re[)laced by the amido grou|), as shown* 
in the formulas : — 

0 () 

1 I 

CIC.( ~*0n CMo- ( ~ NIL. 

ac;d. 

As the a(nd hydr«agi*n of tla^ tieid is rc[)laced, llu* amide is not 
an aeid. (hi tiu* other hand, the bash* j.»ro}>ertit‘s ()f the anf- 
monia are destroyed by lla* })res(*iiec of tiie iwvl residue as a 
part of its coinpo.^ition, lliis latte!* fact may bt> stabul in 
another way; viz., when an runtmmia residue is in eombinatioii 
with carbon, whieb in tuim is in ccanbination with oxygen, its 
basic propeni<*s are destroy(‘d. 

The ami<les arc conv(ate<l into ammonia and a suit wlum 
boiled with .strong leases : — 

CTL.CONIL 4 KCM - ('M,( (CK + NM,. 

l'h(‘y are convert(Ml into eyaiiides *by treii(;ment with phos 
phorus pentoxide* F/ b; — 

CM,.C(1N1L -r CH^.CN ^ M/), 

As the substance obtained in this way is identical with methYl 
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cyanide, wliieh m formed by treating methyl -snlplmric acid with 
potasBinin cyanide, tiie icaction fiirniHhcH additional evidence^ 
*iii favor of the coiicluHion already refiched ; viz., that in the 
cyanitles th(‘ carbon and not tlic niti-ogei] of the cyaTiogen 
grovij) is in eornbinatioii with the hydn>carlK)n re.qidne/as re}>re- 
sented in the formula CILi — C — N. 

As aci'Uuaide is inade by treating ammonia with the chloride 
of acetic acid, so, t>y treating ainnionia with th(‘ chloride of any 
acid, the corres[)onding amide can be made. So, also, by treat- 
ing* ammonia with a(‘id (‘hlorides, cn'by totaling acid amides with 
strong acids, mon^ com[)lieaUal cnm]H)iiiuls can be ol)i:nned. 

Of these dZ-occ/rn/oV/e, js H | ti l-co'eta niidc^ N ( jr/), 

mav serve as examjdes. Th(‘ ludations of llies(^ sul)stanees to 
aiiynonia and to acetic acid are shown by the forniulas, ordinary 
or mon-acetamide ])eing or ('li;..C(>. NHo. 



Kxperiiiient 40. Arrange au apparatus as shown in Fig. 12. In 
tlask A put oUiJ oxalic acid (^dcliyUratcd at UK) ) and 50^^ absolute alco- 
hol; and, in tlask />, 50 ^ absolute alcohol. Meat the batli /) to 100^^; 
and then heat the alcohol in liask B to boiling, and continue to pass 
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the vapor from llask 7? into the mixture iu Mask A, uicaiiwhilc fillowhig 
^ the temperature of tlie oil-bath to rise to Tia A mixture of 

alcohol ami etiiyl oxalate will distil over, wl»il(‘ the ethyl oxalate wilb 
be mostly iu rltisk A. Add concentrated aminotiia to some of the ethyl 
oxalate, v^xamide is thrown down as a wliite powdtu*. What ri'actions 
have taken place? Write tlie ei|uations. Filter #> 11 *^ 10 * oxarnide, and 
wash it with water. See wluU lu‘r it conducts itself like an aeid. Has 
it an aeid react itui? Ib>il with catmtle potash (jiot too nineli), and 
notiee wlierher aniinonia is iriven olf. Wliy docs it dissolve? How can 
the oxalic aeid be extracted from the sohition? 

When the aMiide of a }H)ly-hasic acid is boiled witli aimuo- 
nia, and under s(une other circuinstanees. jtartial de('Orii|)ositiou 
takes place, and n sn]>stati(‘e is formed which is lK)th amide and 
aeid. Thus, in the ease of oxamide, the product is o.canoV* 
C<CH 

aefd, 1 ' . This acid forms well-(‘haracteriz(M] stdts ntnV 

Cf>NH, 

other dcfi vnt;i\'cs such as arc oljtaitied from acids in cencral. 
lliere is one ai'id of tliis kind wiiich is n. well-known natural 
su{)stan('e. It lias already i>ccn rcfcnaMl t<> in connection with 
aspartic acid, which is closely related to it. It is 

Asparagine, amido-succinamic acid, 

C.H,N.,0. i HOC C,H, NH,} < ;.--Asp!iray:in<‘ is 

found in many jjlaiits, ns in aspar.tgn.s, liquoriem beets, peas, 
beans, vetcltes. et/>. It can be macit; hy treating nion-ethyl- 
amido-.sueciuate witli ammonia. , 

Xori: } OK SirnKM. — Wliat reaction takes place? Write tlie 
(Kjyation. 

Asjiaragine forms large rhombic crystals, difficultly soluble 
in cold water, ^in<>re easily in hot water. Wlicn boiled witli 
aciils or alkalies, it is converted into aspartic acid and ammoina. 

No 7 k fou Stct)Knt. —Notii-e that only the aniido group of {1 m 
amide is driven mit of the emnponnd tiy tills tn*atmeiit. The otlu i 
amklo group wliieh is <*ontaine(l in the liydroearbon portion of the 
compouiul is not disturbed. 

Nitrous acid converts asparagine into malic acid. 
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Cyan-amides, CN^j.- -In speaking of c^yanic aekl, the^ 
existinice of two eiilorides ot (tyanogea Was iiKaitioned : one 
a liquid, having the fornuila CNC'l ; tlie other a solid, of the 
torinula ( When tlie h>nn(a- is treahal with uiuinouia, 
it is ('oiiverted* into an amide, ( X.XIL, which h<airs to cyani(i 
acid, CN . tlu‘ relation of an amide. Like the other 

simple <*omp<>nnds of (‘vanogeio evan-aini<h' leadily undergoes 
ehauge. W hen siinply {<e|>l unanoh'sted, it is converted into 
(li-ryan-fUft /trifle, C i>X 4 ir 4 i wiiilc, wh«*n healt*d to 150^, a violent 
reaction taki'S place, and /rZ-eyn//-// ho//c/e, is formed. 

The latter eornpoiind Is also railed )yr hfini}te and n/f/ n// ro Vf (de, 
'{ind from eevlain methods <>1 formation it is e()neludcd that it 
is the aniid(‘ of eyanurie aei<L It is a powerful mon-acid 
base. The formation of tlti‘se contpounds is [lartieularly 
ink?resting, as illustrating tlie temhmev on the part of the 
simpler evanides to undei'go change under slight provo- 
cation. 

Guanidine, CN.sH.,, — This substanci^, which is closely related 
t(- v;yan-amide. is formed hy the oxidation of guanine (which 
sec), and this in (urn is obtained from guano. It can also be 
made by treating cyanogen iodide with aiumouia : — 

(-S1 _p :>7slh -- ( Nil,, ill, 

J:lu^ [)roduet being t!ie hydriodie aeivi nuH of gtianidine,' As 
will be^seen, guanidiiu* is eyau-ainido ilus toiiiuonia ; — 

( N.NIL -f- NH, ( Nllw 

It ivS a strongly alkaline base. Iloiled with •([lilute sulphuiii- 

acid or Itarvta water, it yields urea and ammonia : — 

*• 

( f 11,0 -= ('OX,lli -I- NIL,, 

( e;;inidiiM‘. t roa. 

Creatine, C,H:,N,Oj. — I'his snbstaiiee is fouiivi in the 
muscles of a.ll auiinals. It is closely reltitcd to guanidine and 
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also to saroosinr ^soo It liivs I>oen uiudi* synthotically 

bv (‘van-ubiido unil loirotlu'r. Tho reMotiirii 

whiel) takes |>la<*e is analogous t4> that liuule use of for th ' 
prej>a;'atit>u of ouanidine. The analogy is slamn 1>v tlio tsve 
equations, — 

C X.Mi, + NH, ( NT!,. 

4 


n 


(( NJI,,), 


:ind CX.NIL + X ■ ( 11, . ( X, 

((li.lOiT 


:.X 


1 < 11 .; 

i ( If. ,.('0.11. 


.M- (Vli .X.O,. 


Urea, or carbamide and derivatives. — dosoly related* 
to the rjitru'if'n (‘oju] '(unds just mn-^idenMl is urea, or die 
amide of earlfeiio iu‘id. Its iuigortaiUM’ and eertain [uaadiari- 
ties distiuoiiish it from the (Uher mad amides, and It Is there- 
fore eonsid^aeil l.y its^df. 

Tiaai is found in tli(' (irin(.‘ and blood <»f all mammals, and 
jairtieului iy in I he m ine of earnivorous animals. niiman 
urine eontanis from 2 to •> {h r n nt ; tla* ({lumtity given otT by 
an adult man in 1 homs luaiig aiiont Urea can be made 

by the fidlowiiiLr nnOhods : — 

(1) ],>y treating (arlmny] ehloride with ammonia: — 

C (K b + Nil, - ( ()NJI. h 2 IR 1. 

What is tie* ;nial>»m>U'- rraeliou tor the preparation of acetainideV 

(2) l>y heating ammoniimi <airbamate ; — 

< -^^vn ‘to- 

I ) N 1 1 j • 

IVliitt is tJaj analogous reaeri<>n for preparing oxami(U;? 

(H) I5y tia ating ethyl rairbonab* with iunnK>nia : — 

CO < <'.U„0. 

VJv vl.1,'1 
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(4) ] W 1h(5 ndditioii of water to cyaii-aini(l(i : — 

CN.NIl, 4- HoO - CON*TI,. 

(o) I)y (ivajjoraJioii of ainnioiiitiiM cyaiiato in aqufjoiis solu- 
tion : — 

('N(<)Nn,) (ONJI,. 

Tivis ronotion is of in^orest, for t]j(‘ rt^fison that it 

afiordod tlio I'u’st (‘xaiti|)le of tin- formation. I>y artificial methods 
from inorganii* substances, of an oriranic compound found in 
the animal l)ody (sec ]». 1). 

T'lva. is mosT iraniily obtaimal I’l-om urine. 

Kxp«‘rim('iit 4-7. K \ aporatt- foinoa* iiv«‘ Iltn's tyv urine to a thin, 
syrupy consistimce. After cooliULr add ordinary eoiKaaiiratod nitric 
arad, \viien ervsi.vds o{' nrea nittare aia* olytaimal. Filter, wasli, and 
reerystaili/.e I'miu mod^'ratviy eoncf utratisi nitrir atld. Wlien the 
(aystals of ure.'t nilrale are while. di.'>olv(; ayain in water, and add 
tlu(4y-p'>\\ (l(>red !>arium eiirbonatt'. 'I'lie nitric acid idrins baritirn 
nitrate, and the urea i> left in f?-ee eondition. l‘'va[K>rale to dryness, 
and fia)ni the rr-^idne exlraei the nr<-a with stroiii^ aleohoi. 

Kx|)eriiiieii( 4S. Make potassium evatiate as direeted in Kxpori- 
nients 24, p. 82, and 2C>, p. s:i. Extract tin* evanate with r,>ld water, and 
add a solution of ainmoninm sn’piiale cuniaininir as ttincii of the salt as 
there ^vas ttsrd (»f j»otassinm fcrrocyaiddc in the preparatiem of the 
cy anute. Kwapoi'ate to a small A'ohnnr, and allow to cool. Potassium 
sulpli.'Ue will erystalli/.e out. FilU'r tins oif. jnul ewaporate to dryness, 
Kxtrac,J >viih alcohol. 'Phe ur<‘a will crysta)li/.e from the alcoholic 
soluliem when it is hrotiuld to tlu* prop(*r coneeul rat ion. Give ail the 
reactions involved in jras.siuLj: from jfotassium fen oeyanide to urer. 
('t>in{>jire the urea made artitieiallv with that made t^'om urine. 

I Iren crystallizes fn>*u alcohol in large quadratic prisms, 
which unvlt at 

KApcidmeiit 40. Determine the melting-points of both the natural * 
ami artiflelal sj>ecimcn.s of nr»‘a. 

Urea is easily Holuhle in wattu* and aleohoi. Heated with water 
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ill a sealed tiilH' to 100^, it lireaks iij) into (airl)on dioxidv* 
*^;md aiinnoniii : — ^ 

( OXJI, 4* ILO CO, 4 2 NH,. 

I’he v^anit dee<>ni[)o>ition of the un*:i takes phiee s[)untaneoiisly 
when nrint' is alloweti to slaial. IliMu-e the odor of ain]noni;r 
is alwavs ootieed in tlie lieieiihorlaHKl of urinals wiiicii are not 

9' 

kept lliorono-hly riean. 

ScKliinn hyiax-lilorite or hy|M)hroinitt‘ deeoni[>oses urtai into 
earlxin dioxidta nitrojjjen, and water: - 

(OXJi^ 4- d NaO( 1 Xa4 (U -f Xa( i 4' Xj 4 * Hd ) 2ll( I. 

Kxperinient 50. To a solution of ‘Jn>^ xMlium lty*ii'o\i(I<‘ in iOO''- 
water atM ai>o{j) ,V'' liixiiniiuu aial "•halo- wt'll. Make a >oliiii(»n of urea 
ill water, am] n<ld t<i tin- >o]fj(i.in of tin* liv(Hjhr«.iniito. An evoluiioii.^ 
of i;as w'iii lu- iiotiet-^i, ^howina tiuil tin* urea is (i<'Coin{)osei!. 

X'itrous aeiel aids in the saint* wav : - — 

(0X41* 4- 2 11X0, (O, f X, 4 AIIJ). 

When heatetl. nriua loses nminonia, and yields first h'nircL 
and (inaily ('ntitnirir arid (set' [>. -s j ) : — 

2('0(XFI-),r:^ ( Jl,X O, f Xlf,; 

lamina. 

;M ( JlOX, 4 d XII,. 

< 'v.iiiuric 

I4va nnites witii aeids. bast's, and suits, d'lie hydrojLr^ai of* 
the amido jironps ean Ik; re[)iaeed l*v acid oi’ ;ii(‘ohol nelicals. 

ifiving eoni[)onnds^ of whieh i 'o - A and 

\H(' H- 

' iJiyl vn'iis f'c ‘ \ 4re exaTn|dt‘S. 

Anituig the eoinponnd.s witli aeids, the following may be 
mentioned: wmt ](if(lr<tr^hlor'i(h\ . I K } ; y/m/ 

CII,X,0.I1N();;; and ^frm phosp/nfU'. Cll^Xd). ILPO,. With 
* metals it forms sneh eom|>oiiii(ls as that w'ilh luf'rcunc oxlrle^ 
HgO.CII^N/) ; with silver, (41,.Xd). Ag„ <‘(e. With sulks it forms 
Buch compounds as Hg( 1, ,( If,Xd), IlgO.ClI^NAdJIXOs, etc. 
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Substituted ureas, — that in, those rlerivatives of urea which 
contain liy<lro(‘arl)oii i‘esidu(‘s in place of onc«or all the hydrogen 
Sterns, — can be made from tlic cyanat<'.s of sii])r^titMtcd ammo* 
nias. (nmlainental rea<‘titm is the spontaneons tratisforma- 

tfion of ammoniifin (Wanate into urea : — 


( N .ONIl, . : C<)(Sll 

In the sann‘ way. <*y inali'sof sa1»<litnted annnonias are trails 
fornual into su}>s(itnlc<l nreas : — 


( N .0X11, .( ,11- CO <- 

Nil, 

CN.OXll.,(( .11-)., -- ( ()■ ' etc. 

■ Nil 

-ft 

'L1i(? uo-a derivatives whleli c.miain a<*id radicals are made by 
treating urea with the ru'id eliloriiK's: — 


( ( ) 


Ml. 

ML 


f ( JfXKd ('() 


.NiL( no 

■Nil., 


+ HCl. 


Acriy! urea. 


Notk Fon Sn ni’AT. - fii wluu ‘liaise is acetyl urea aaalogt)ns to 
acetamide? 


'rh(a*<‘ are sioaa-al derivati\'es of nn-a and radieals i>f diliasic 
acids, as oxalic and nialonic acids, which are of sjaadal interest, 
ifts tiu'v are eUist'l}' lolalod to nrie a(‘i<l : and tlieir torinalion from 
this aci<| has tiumvn inueh needed light up(.>n llie inner n*a tnre of 
tln‘ aei<]. 


Parabanic acid, i ^ ^ / 

„ , . C:H,N.,0,i 

Oxalyl urea, » , V 


CO.NH •x 

i > CO . - Parabanie 

CO.NH / 

acid is formed by boiling uric acid with strong nitric aeid and 
Otlier oxidi/^ing agtmls, and by trtaiting a mixture of urea and 
oxalic acid with phosj)lu>rus trieliloiade : — 


C, 1 L(), P C 0 (NIL) 2 - QjILNA P 2 IL 0 . 
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It aet^ like an at‘i(L Its salts nanlily pass over into salts of 
oxalurie acid ( vv]u(*h see). Treated with alkalies it breaks 
into urea and oxalic* ‘uad. As will be seen, [)arMlniuie aeid is 
» (’O Ml, 

analogous to oxainidcs tfie n'sidmM)f, urea acting the 

('o.xir. 

j>art of the two ainido groups. 

^ CO.OH \ 

Oxalurie acid, C.H.N.O.l CO. HN .CO. NH,/ . bcMi-s to 

puralKUiic' aeid the Mum* rehuion that oxainu^ aei<l boars to 
oxainide. ll oeeur^ in the form of liu‘ anunoniiim salt in sinidl 
<piantity in lunnan iirim*. 


Barbituric acid, malouyl urea, 

C.H,N.O • 2HOi CH. -CoV — lUirbiUiiic 

\ CO.NH / 

jieid. iik»' parabauie aeid. is a product obtained from uric* a<‘id. 
It has lu'cn iiKeh' atlillekdly )»y triaating a mixture! of nialonic 
aeid and urea with phospheuais oxidiloride : - 


on < 


( < )()ii 
(OOII 


+ (i) 


Nil, 

NHo 


('ll, ' ‘ ‘ ( <> + 2 1L.O. 

• ( <). NH 


I'reated with an alkali, l>ar]uturie aeid breaks uj) iiito nudonie 
aeid and urea. 

The relation of the a<’id to nudonie aeid and un'a is the sanft! 
as that of parabauie aeid to oxalic aeki and urea.. , 


Sulpho-urea, CScNH ; . d'his subistanee is formed bv 
lieating aunnoniuni sulpho-eyanate. tlu^ reac'tion which takers 
plaee l»eing analogous to that by wkieli urea is fonued from 
arnmoniuia eyanab* : — 

CNSNH4 -= CS(N!T),. 

A number of derivatives of sulpho-urea have been made* 
They resemble tlioBc ol>tained fnmi urea. 
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Uric acid, — Uric acid occurs in human urine, 

jn certain uriiuuy cah uli, in the urine of e*irnivorous animals, 
and of birds. 'The (ixcrernent of serpents consists almost 
entirely of aiumouiuin unite. It has been made heatini?: 
together amido-aci tic acid and urea, and l)y other methods. 

Uru^aeid i>s best i)re|)ared either from serpents' cxerement or 
guano. 

It forms a crystalline jxnvdm’, whieli is almost insoluble in 
water. It is a monol)asie acid, though weak eoinpounds with tlie 
alkali metals can b(‘ rnadi* which contain two atoms of metal 
in the molecule. 

Uric acid has been the sul>jeet of a large number of inter- 
esting inv< ‘.^tigations, jind many derivatives ]iav<‘ been obtained 
?rom it. It would only tend to ronfnsion to give an aeecuint of 
many of tlu/se derivatiNcs iiere. lienee only a f(‘W of tlie trans- 
formations whieh liave iK-en etfeeteiU and wliit*]) give an insight 
into the natuia^ of the acid, will be mentiiUied. 

1. By heating uric acid, annn()ni.a, 1iy<lro(‘Vanie acid and urea 
are f(>riiuM]. 

2. Healed with hydriodic acid, it yields earV>on dioxide, ammo- 
nia, and gly(*ine : — 

( hH.X^O;, 4- O lUH :l C(U 4- NH, + ( Jl.NlU, 

?>. Oxidizing agents ('oiuaui uric acid eitiuu* into (tUinddin. 
a eomplieated sii]>stane(‘ of the foi’innla ( ' 4 M,;X 4 ();.. or {^{Uoxan^ 
( wliioh is elosely n*lab*d to ]:>arabani(* aeid, or oxalvl 

urea (see and barbiturie aeid, or lialoiiyl urea (see 

[>. 20t>). 

Xanthine, C;JEI,N|0,,js found in some rare urinary calculi 
and in several animal licphds. It is formed by tlie action of 
nitrous acid on guanine, tV,IU,N4): — 

f HNO, -= C,n^N,(U d- lUO 4- N,. 

It has been siiowu that this transformation involves 
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► the replaeeinent of an iniitle group, Nil, by an atom of 
oxygen. ^ 




Theobromine, 

Dimethyl-xanthine, ^ 
sui>slMnee Ibuiul in elux'olatr* prt‘partM] frmn tlu* sfaxl of the 
eueao tree. It inis Vkh^u iiuele by treating tiie lead eoinpoiual 
of xantbitie with inethvl icKlide. 


Caffeine, theine, trimethyl-xanthine, 

C-H,.N.O. -HO : C H CH; NA : ‘ H,0]. is the active 
constituent of cotTee and t<‘a. It has i>een nuuh* troiii tlico- 
broniine ])V the introduction td' a third nirtiul groujc 

Thus, as will be seen, a ('lose connec‘ti(>n is established 
bettveen the active consiitut'nis of coiban tea, and cltoeolate on 
the one hauil, and xanthine and guanine on the other. 

Guanine, C H N OC C H i NH ;N;O h is found principally 
in guano. fr<»in whirdi it is |irt*j)ared. Nitrous a(*id converts it 
into xanthine. Oxidi/Jiig agents convert it into guanidine, 
CN n, (see p. IW). 


RKTHOSrK(>T. 

Before passing on to the in^xt division of our vsnT)jeot, it will 
be well to pause and consider la ictly what wc have - learned 
thus far. , 

In the first place, all the coinjxaunds which wo liave considercal 
may b(^ regarded as derived from the marsh-gas hydrocarbons 
or f)aratfins. ^ 

By rej>}acing the hydrogen atoms of thesi? liydrocarboos with 
chloriiHc ]>roininc, or iodine, we get (1) (he ,v(bs(Uuiio/i*produ^^^^^ 
of the hydroearhonH. 

By introducing hydroxyl into a hydiocarbon in place of 
hydrogen, we get the hodie.s called (2) alcohols^ of which 
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tluire an' thn^e cIussch : (a) the primary^ (b) the Hecondary^ 
aiul (r) the tvrh’dry alcohoh. ^ 

^ lij; oxivhzing primary ah-oliols we get (3) aldehydes. 

By oxidizing s(M'ondarv aleoliols we get (4) ketones. ^ 

By oxidizing^ aleohols, aldeljydes, and ketones, we get (o ) 
aeids, 

Aeui^^ and ahtoiiols aet upon eac4i oilier, forming (6) ethereal 
salls^ and aleoliols can la* converted into (7) ethers. 

Corr(*‘<ponding to the oxygen derivativi's. we met with com- 
pounds containing sniphnr, as (8) the snlplmr alcohols, or 
mercaptans ; (P) the svlphvr ethers; and (10) the snlphonic 
acids. 

Next, we found ♦nniiounds containing nitrogen. Under this 
l^oad we considered cynn/xpof^ and tlie allie<l conijiounds hydro- 
cyanic, cyanic, and svlpho-cyanrlr adds. Allied to tliese we 
found (II) tlie cyanides, and (12) the. Isocyamdes ; (13) the 
cyanaies, and (M) tlie isocyanates : (15) the snljiho-cyanates, 
and (10) the iso-snlp/nt-cya nates or neKstard oils. 

I'inallv, we found (17) eeonpovnds cejntainiraj metals in combi- 
nation idfh nalicals. 

Ivepr(*s(mtatives of these various classes of compounds were 
studied, and the relations between them pointed out. 

We found pedynxcid (dctihoh i\m\ imly-basie adds. 

Undei' th(* head of inixfd corn pounds were found eompounds 
5'Vneh belong at the same time to two or more of the funda- 
mental c'lasses. as tlie hydnfxy-i(dds, the ctcrhodcydirUes, and 
the a nodo-aidds. A eonsid(‘ration of the amido-acids and 
the acid amides brought ns naturally t(^ tlie^eonsideration of 
urea and its derivatives, and uf uric acid and it%derivatives. 

We turn now to a new <‘h»ss of (‘omiiounds, known as unsatu- 
rated compounds. 
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UNSATURATED CARBON COMPOUNDS. - DIS- 
TINCTION BETWEEN SATURATED AND 
UNSATURATED COMPOUNDS. 

Alt. th(‘ (‘onipoiinils thus far stiulied are <j:euera11y called 
saUrratrd xOiapftvnds. I'his is certainly an appro} niatc nainT?' 
as far as the hydrocarbons thcinseivcs and some of the cla.sst‘s 
of their <lcrivativos arc concerned. The expression '^saturated^' 
is intended to st^nify that the comisauHls ha^a‘ no |>o\v(‘r to unite 
directly with other eoin}K)und.s or eleuuMits. dduis marsh gtus 
cannot l>c made to uniti; directly with anythii\^. Bromine, for 
example, mnst lirst dis}){aee liydrogmi lud'ore it can enter into 
coinbimuioii with the eom[)Ound 

C}l4 + Br, - ( H ,Ih -f HBr. 

The compound is satiiratc<l. ^ 

On the other hand, a com]>oiind wliich caTi take up elements 
or other compounds directly is callc<l 'Jdms, |ilio.s- 

phorus tri(dd<;ridi^ is unsaturated, for it has tlie }>ow(a' to taki^ 
up two chloriiif^ atoms thus : — 

FCi, -f. (X ^ 

Ammonia is unsaturated, for it can taki! up other elements : - 
mh + HC 1 - Nil, Cl. 
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The* coiKlition of* unsatAiration is mat with among carbon 
com[K>uiuls it) st*vcral forms : — ^ 

^ The aldehydes net like iinsatnrated comjtotjnds, as 

sliown in theii* powei* to take? up ammonia, liydroeyajiic acid, 
and oilier substam-es. 

<'oa(7. The k(‘tones also act like nnsnturated compounds, 
iiioiiiilu th(‘ir powi*)' in this way is less jnarked than tliat of the 
ahleliydes. 

Third. The substituted auimonias are unsaturated. in the 
same sense in which ammonia itself is unsaturated. 

Fofrrth. Tin* cyanides take u|) hydrogen directly, and are 
tlKU'etbi'c unsatm-ated also. 

In the sul*stilnicd annnonias, aiifi probal>l\ in Die cyanides, 
tl)e unsatnratioli is lUu* to the same cause as that in ammonia. 
In th(*m tin* nitroiren is trivalent. In contact with cerUiiii 
substamtes it bcconK*^ quinquivalent, and saturates itself. 

In the ahleh vd(*s and ketones, earliori is in eombination witli 
oxygen in tin* carbonyl condition. When they unite with 
hydrogi'U and some (amipomids, such as hydrocyanic acid, the 
relation b('lweeii ihe earlion and oxygen is probably clianged, 
the latter b«‘ing iu the hydroxyl condition. The elianges are 
usually represented by formulas such as tlie following : — 




on 
ni., ' 


('ll, CH, 

' ' ON 


CII: 


('ll, 


In the carluniyl group ihe oxyiren is rejiresented as held by 
(WO bonds l>y the (*avbon atom, while in tin* hydroxyl condition 
it is representc‘d as held by one bond. Tla* signs may be used 
if care is taken to avoid a too litt*ral intei pretation of them. 
There are undoubtedly two relations which carbon and oxygen 
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hear to each otlier in carbon (*oin|jonn(ls. These iwlations may 
be ealhal ilu* n^lafio/u re|>resent(Hl by the siirn C — , 

and the earbortiil r( Iah’o)(, rejn'Csented by the sij^n C rr:( ). 

Fijyji Tliere is a fifth kind of iinsaturatioiK <hq)end(n\t ypo7i 
differences in the rvhtf'nnns hv(iree}\ carbon (ifonis^ and it is tliis 
kind which is (‘rdinarily meant when nnsotn rated, carbon corn- 
j to ends are spoken of. 

The kintl of relation b(‘tween the carbon atoms in all the 
satnrated iiydrocarlions is. so far as we know, the same as that 
which exists la‘tween tin* two (‘arlK>n atoms of etiiam‘, and 

H U 

! 1 

which is n'prcsented bv the formula n -C -C’ It. This 

I ! 

II H 

formula siunilies simply that tlu‘ two earlkon atoms are held 
togetlicr by tile forc(‘s whicii in marsli gas enabhal each carbon 
atom t<» hol<] one hydrog(‘n aOun. Abstracting one hydrofjen 
atom from marsh gas, union is i*ffect(Ml between the (‘arbon 
atoms. What would result if (n'o hydroyerf ofoins were to be 
alistraeted. .and union bctwptm the cartions thtm elfecled? 
Theoretically we sliotild gi't a comjiound made u|) of two groups 
CIL, thus C ih. .(’Hv. and pn sumaldy the relation lietvveen the 
carbon atoms in this com}»ound would l)e ditlerent from the 
relation between tiie carbon atoms in idhanc, ithont pusli- 
ing these s[)efailarions farther, it may ha said tlnd tlau’e is a 
vveli-kiiown hydroeailion w}ii(‘h iliffers imukedly from ethane, 
having tla^ formula ( df^, ami showing tlie jwoperty of unsatii- 
ration very cha*nly. dhis is olejlanf yas or (dhylene. It is the 
first of an hoixjfilogous series of hydrocarbons, oiijy a \ ery few of 
wliieli, liovvever. iwa w(‘ll known. T1 h*si‘ hvdrocarlxms yield 
derivatives like tin:.* {jarailins : thongk of tliese, as vvt‘ll as of the 
hydrocarbons, very firw ar(‘ known as compared with the mnnbei 
of the paraffin derivativcB. Only a IVwv of them are of imieli 
iiiJt>ortaMC<i. 
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ETHYLENE AND ITS DERIVATIVES. 

• ny!>U(>CAiin<)NS, C^Hon- 

Tlie j)rinei]>til hvdrocarljons of this series are incliuied in the 


sMhjyined table : — 

• Kthyleiu^ CM,. 

Propylene C^h- 

Butylene C4II.. 

Arnylene 

Hexylene ' . . 

llejdylene ^'rHj^. 


The inenibers are lionioloo-ous witli (dln lene. They bear to 
tlu‘ [)arallins a very siiii|)h* relation. (aU'li oiu* containing twr> 
atoms of Indrogen l(‘ss than tlie })arallin with the same number 
of carbon atoms. 

Ethylene, olefiant gas, CHj .CHo). — This gas is 

forimal when many organic siibstama^s ai’e sn]>jectt‘d to dry 
distillation. T]k‘ two piincipal reactions which yudd it arc: — 

(I) The action of an alcoholic solution of |)otassiuin hydrox- 
ide on idhyl cliloride. bromide, or iodide: — 

’ C'dl>Br + KOll - CM, 4- KBr + TIX). 

Tills is' tla* most important oaiction for the \)re\)aration of the 
unsaturated c<jmpounds of the ethyhaie series.* It is applicable 
not onlv to tlu' In drocarbous but to substane.4^s belonging to 
oilier classes. By means of it we have it in our power to pass 
from any saturated e<>m[)buiid to the <‘orrespondiug unsaturated 
compound of the ethylene serit‘s. 'rims we ]iass from ethane, 
CJlft, to ethylene, CM,, by first introflueing bromine, and then 
ab.straeting liydrobromie acid from the memo-bromine substi- 
tution-product. By treating the mono-bromme 'substitution- 
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, products of other saturated eoiupounds In tlie same wa\% the 
corres[>ondii)g uusattnated compounds can )>c mailc. 

(2) The action of sulphuric acid and othci* dehydrating agents 
upon alcohol : — 

CM,A)U == (M, + ILO. 

Experiment. 51. In a ihisk of 2’‘ to o' capacity j)nt a mixture of 
25^? alcohol aiivl I'»0? onlinary conemtrattai suh>lua'ic acid. Heat to 
leo-^ to 170 % and add tTradimlly tlirouiili a fnnnrl tube al)()ul of a 

mixture of 1 part of alcohol and 2 parts of concentrated snlpdiuric 
acid. Pass tlie uas through time wash bottles eoiitrnning, in order, 
sulphuric acid^ canstic soda, and sulphuric aekl. Then pass it into 
bromine contaiiu'd in a ('vliiulcr, j)rovided with a cork with two holes. 
If the cylindi'r has a diameter of about r)'"', let the layer of bromine 
be about 5*^”^ to 7''” di^ejc I'lxm it pour a somewhat deeper layer of 
wAer. Idace the cylinder in a v»vs.'<el contain in, ic cold water. Pa.ss 
tile gas into tlie hromine until it is cmnpletely decolori/ed. note, 

next page.) 


Flthvlenc is a colorless gas which cau be ct>ndcused to a 
liquid. It burns with a luminous |];un(% With oxyg.m it forms 
an explosive* mixture. vio.st irropfrtij os Uh 

pOV.^fn* to iiYoUt ih ff v'lflt o(h('f’ .s<///.s/n //ce.s. pcni iofdd I'J ff f*ofJi 
the hdlYige/is (ind htfdmgrn </e/V/.s. 'Thus it unites with 

chlorine and bromh)e, and with hydriodic aiui liydrobromic 
ucids ; — 

c;,H, 4- ( L - rir,(‘L; 

(Ui, -f lh% - : ( 

^CUI, 4- HHi ( Jljlr- 

C2H4 h in ( Hd- 

The products formf*d with chlorim* ^and lu'f>mine are called 
'dhtflene rhforide aiid (tfuihdie tprotnldf'. They havt* been 
ateiiiioned under the In ad of halogen dm-ivaiiva s of tin* jjaraf- 
tins. They are isoiiicrie (dhiflldiuie <ddoride and eth/flidene 

hromide^ which are formed by sul>Btitation of two hydrogens 
of ethane w ith chlorine or bromine. 
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Notk. Tlic addition of bromine to etli} Icnc is illustrated by the 
experiment last performed, in wliieli ethylime ijipmitU*, is formed. To 
gurif^' the product, put a lilth^ 'liinie eaustie soda in the cylinder, and 
shake. Remove the upper layer ot water, ami repeat the ^vas)lillg with 
diluti* caustic soda. Then wash \\ iili water two or three times, eacli 
lime removin?,^ th^ wat(T witli tlic aid of the pipette deseriinal on p. 31. 
Finally, put the oil in a llask, a<hl a few i)ieccs of i^rannlated calcium 
c!ilorid(^, and allow to stand. Pour otf ir)to a dry disi illinir-!)ulb, and 
distil, riotiiiir the tcmiJcratunv 

A question wliieli wv inay fairly jisk eonei'rning the stnietiire 
of (dbylene is lliis : Does it consist of two groups or (>r 

a metlivl gr(^np, and CM ? Is it to Ite represented In* the 

ronnnla CMo.di^, or CM;. ('ll? Perhaps the clearest answer 
to this (|nestion is fV>nn<l in tin* fa(‘t that the ('hloidde j’ornied by 
at]<lition of chlorine to ethyhme, and that formed l)y replacing 
tJie*o,\yg(m in aldeljyd(‘ by eldorine, ar<‘ n«.)t identical. All 
evidenoe is in favor of tiie view that aldehyde is correctly 

re}>resented I>y the Ibrrnnla HeiK*e, as has been 

pointed out, tin* ehloidd^* (tbtainerl from it must ])e ri'presented 
thus, ( H,.CM( I,. M ('nee. fnither. it ap^pears liighly probalde 
tliut the isomeric el)]orid<' obrained from ethylene ninst be 
ref.A sented thus. ( 1 P( I .( 'M .Cl. Now. as this snl)stance is 
formed l y dirt'ct addition of ehloiiiii' to elhylema ethylene has 

(;n, (II, 

the formula ; and not ! '. 

. Cib Cli 

As regards tlie rc'lation bidweiui the two carbon atoms of 
ethylene* we know nothing, save that it is [U'oljably ditYerenl 
from that wliieh exists between the carbon r?toms of ^'thaju*. 

(ill., 

It is usuallv represented by the sign == ; thus. : . \\ e must 

('ll, 

necessarily leav(‘ the (|nestion <)]>en as to the relation l>elween 
the carbon atoms in clhyleiie. If the a)»ov(' sign is used, it 
should serve mainlv as an indication of the kind of nnsaturation 
met with in ethylene, tiie eonipound in whose formula it is 
written having the |)ower to take up two atoms of bromine, a 
molecule of hydrobromic acid, etc. ^ 
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Tlie ]ioinologne.s of ethylene bear ilu^ sanie relation to it that 
the homoh)gues of trthane liear to this hydro(‘arl)on. Ih-opylene 
(H.i'll, 

is metbyl-ethylene. l ‘ ju’opane is inethyl-etlinne, 

rHj.Cll,' ^ , ('ll.ril, ('({’11,1, 

{ ' . Hntvleiu' is dimethvl-ethvlene, i * , or } 

CH, ' CU.CJb ‘ ^ Cti.c'li, CIP 

or ellivl-ethylone, ■ . I'hat is to sav, in other ‘ words, 

V 11, 

in the hy(irocai‘t»ons of the etiiyhaie series the ethylene condi* 
tion between ear ! >00 atoms o(*eurs only ouee. 

The higher nit'mla'rs t)rtlu‘ series need not l>e eoiLsidered. 

Ai.eonoi.s, 

These aleoliols l>ear to the ethylene hydnx aiPons the same 
relation that the aleohols of the methyl aleoliol series bear to 
the paratlins. Only oih‘ is wi ll kne)wn, Tliis is the second 
meinlKT eorre>ponding to propyhme. 

Allyl alcohol, C,H.O CH .CH.CH OH). — This alcohol 
is fornit'd in ways from ^]y<a*rin. 

1. l>y iiitrodneijig two <‘i)loiine atoms into glyetMin in the 
place of two hydroxyls, tims gtdting <|j<hl(nhy<lrin. ( I- * OH : 

(1I/)J! ClLCl 

CUOn -f = ( IK I f 2 il,0; 

1 I K I I 

('II, 011 

;ni(! IrOiitini^ tlie cliclilorliydrin with sodintii. wliicli cxtraets the 
rhlorini; ; — , 

(JII/'l ('ll,, 

! 1 

CIICl + 2 J(u CII + 2 NaCl. 

i I 

CH/JH CH/^H 
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2. By treating glycerin vvitli tlie iodide of phosphorus. This# 
gives allyl iodide, Cyi-L T>y tn'ating ihf*, iodide with silver 
liydfoxide it is eonvertial into llie alcohol. 

.S. 31ost ri‘adily hy treating glycerin with oxalic acfid, as in 
the pre{>aratior# of forniic acid. 'Flic mixture is lieated to 220° 
to 230°, when allyl ah^ohol pa.sses over. 

It manufactured in this way on llie iarg(' scale for the pur- 
pose of making artilicial oil of mustard. The naictions involved 
are quite complicated. 

Allyl alcohol is a liquid boiling between 90° and 97°. It has 
a penetra ing odor. 

Nascent hydrogen does not act upon it. or at least the action, 
if any, takes place with dilliculty. As fai’ as composition is 
v*;OtK:crned, the relation between allyl aleoliol and propyl alcohol 
is the same a.s that bet vvecm ethylene and ethane ; — 

Call,. OH + IL = Call;. OH. 

Allyl alcohol, like ethylene, unites directly with V)romine, 
hydrobromic acid, etc., the jiroducts being substitution-products 
of i)rupyl alcohol : — 

Call,. OH ~h HBr (’; 1 hBr . ( )H, 

M < u 1 * » l> n, * m ■ 1 • r t> i * y 1 a 1 ( 1 u > ! . 

Call,. OH 4- Br 1,11,14,. OH. 

I )ibr<>ni-ijn)p> 1 alcoliol. 

• Allyl compounds. -- Among th(‘ dt‘riv:itiv(‘s of ;dlyl tileo- 
hol which arc* of special int<‘r(‘st is (////// .siflphidc. (lallOi>^' 
which the chief (‘onstitnent of tiu* of tjurlu'. It can be 
made artiileially lyv ti'eating allyl iodide witli potassium siil- 
j)hide : — • 

‘ 2C;.H,l + KaS ((yi,)aS -f ^KI. 

It is an oily liquid of a disagreeable odor. 

Allyl mustard oil, SCN.CH,. — ITnder the head of 
Sulpho-evanates mention was made of a series of isomeric 
bodies called mmdpho-cyanates or mastani oils. The sulplio- 
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nvHuates of tlie ulcolu)! r:uli(\*ils are made from [)OtasBium 
snlpho-evanate. 'Wlms, methyl siilplu)-i‘vanate is made by 
rtiixiiiu' toiiether [Kaassium methyl-sulphate and polaifsiuirr 
sul[)lK>-eyanate, and distillinix : — 

X( nK - f' so. = K,SO, + NCSCH,. 

H 

I'he ]nnstard oils, on the other hand, ar(‘ inadi* by a eompli- 
eate<l reaelioM from (airbon disulpiudt^ and substituted ammonias. 
Th(‘ cofRluet of th(‘ sulplio-eyanates led us to the eoiudusion 
that th(‘y must be rejat'siaited by the formula XC’ — SR. while 
that of the isosnlpla •-eyanates or nuistant oils led to tiu' for- 
mula S('--XR. as repre-eiitinir tladr struetmi*. Aliyi mustard 
oil is tlie elilel’ re[iresenlative of the class of bodies knowp 
as muslarl oils. It o»<-urs as a ii,hi(‘oside (see [>. MO) in 
mustard serd. From the <j:lue(;suh‘ it is formed by bunienta- 
tion. It is formed by treatino* aliyi iodifh* witjj |)otassium 
sulpiio-(‘yanate. We should naturjilly ex|H‘et this renetion to 
yield aliyi sulpho-eyamiti*, but tin* eompoiiml a<‘tually obtained 
does not r'onduet like the snlpho-cyanat(‘s. 

Allyl mustard oil is a liquid, ijoiliu^j; at laO.T'^, and liaving a 
{♦emdratin^ odor. 

With zinc and hvdroehloru* aeid it is eonverted into allyl- 
amiue. MI. . { Ml ,, h\ drogeii suljdiide and earbon dioxidi*. Idiis 
reaetif>n indicates th.it in a)]\l jaustard oil the radical allvl is in 
combinatieMj with ()m' hitroL;en and not with the sulpliin*, 

Notj: I op, Sn in n 1 - What rljaam; do tlie mustard oils iu i^ameral 
undergo when Ireateti with naseent liydo*gen? What change do tlie 
sniplio-cyanates undergo w lu ii o\idiz<‘d ? 

Acrolein, acrylic aldehyde, C H,0( C.H,.COH). — Acro- 
lein can be made by caiad’ul oxidation of allyl aleoliol. It is 
formed lyy the dry distillation of glyc(‘rin which breaks up into 
water and acrolein ; — 

(:«H,()s - (yi,o + 2 11,0. 
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It is, hence, formed also by lieating the ordinary fats, the 
pe(*uliar |>enetrating odor noticed when tally suljstances are 
^leakni to a snllieimitly high temjje ratine l)eing due to the forma- 
tion of acrolein. It is [irepared best by heating glycerin witi; 
t na d po t a ss i u n 1 u I p I \ a te . 

Kxfieriineiit r>2. In a tesMube mix anhydrous glycerin (I part) 
and acid iM)tas>imn sulphate (2 iamis), and licat tlie mixture. Pass 
the viit>ors llirough a Ixmt tul)e into water conUiined in another test- 
tube. Notice the odor. 'Fry the elb'ci on a dilute solution of nitrate 
of silver, Wliat is tluj nieaiiiiig of this reaction? 

Acrohun is a volatil<‘ rKpiid whi(‘b boils at 52.4°. It has an 
(‘xtrmiu'ly [icnctruting odor, and its va|>or acts violently upon 
tile (‘Ves, causing tlu' secretion of te.Mrs. 

Acrolein takes up oxygmi from the air, and is converted into 
the (‘oiTespondiijg acid, oc/o/Z/c ce/d, (which S(a‘). 

It takes np hyilrogcii. and is thus converted into allyl alcohol. 

It lakes ii[) hydrochloric acid, and is converted into /i-chlor- 
i)roi)ionio ahU'hydi' ; — 

CJ1,.(()II + IK'l ^ ( ILdJ'lL.COH. 

/3-i ljl»>r-}>r()jtioijic uliJehyde. 

I'he first two reactions art* charaetcristit* of aldehydes in 
general ; the last one is eharacteristie of nnsatiHatt‘d compounds 
lieloiiging to the cthyleiu* grou[». Aci'oleVii. like ordinary alde- 
livdc. forms polymeric modilieations, which can easily be recon- 
verted into aeroli fii. 

It unites with ’ammonia forming acrolein-ammonia, and with 
ollur subslanci's in mueli the same way as ordinary aldehyde 
does. 

Auiks, A- 

Rniiniug partdhd to the ethylene scries of hydt'oearbons, and 
bearing tlie same ridalion to it that tlie fatty acid series bears 
to the paraftins, is a scries of a(*ids of wliieh the first member 
18 acrylic acid, Several nn'inlKTs of the series are 
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vknown. The i>riiK*ipal members are named in the subjoined 
table : — 


ACRYLIC ACID SERIES. 


Aoios, ( ,,11 ,, ( ),. 

« 

Acrylic aciel 

. (,nA>- 

Crotonic* •* ..... 


Anoelic .... 

. < 01,( 0 

Il vdrosorbie *• 

• < v.n 

Teracrylic “ ..... 


(.’iniie 

• (r.ltsO- 

IIy})oa'a*i<* ‘‘ ..... 

■ 

Oleic " 


Eruei(’ 



Of most of the hiirher memlK'rs of tlH‘ series sevm'aL isomeric 
rnodificMtions are known. Only a iVov of these acids will be 
considered here. 

Acrylic acid, C H,0,r CH,.CH.CO,H . - 'Hiis acid Inis 
already been ’nentioned in conneedon with liydr.u'rvlie }i(‘id, 
whioli. when Incited, breaks up into aerylie aeid ami watei* : — 

CH,.()H.( IL.COJI .-r [J ,( ()dl 4- 11/).^ 

llydnv. i ylic aciii. Acrvlii: aokl. 

• 

Note Fon STrnKVT. I'his reaeriou is analour^nis to that ^vhic]l 
takes place when ^ordinary alcohol is eonverteC into ethylene. In what 
<1oes the analoiry con'.ist? What. aei«l isomerie with hydracrylic 
acid? How doe.s it eon<lnet itself wlien lieatt d? Conj[)are the trans- 
formation of hydracrylic acid into aerylie aci<l wit li tl»at <jf malic into 
maleYc and fiunaric acids, and witli tliat of citric into aconitic acid. 


Acrylic acid can In? made by carefnl oxidation of acrolein 
with silvx^r oxide* Tlic relations between {tropylene, 
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iillyl alcohol, .OH, acrohan, Cori;;.COll, aiKl acrylic acid, 
(Ml . .( M )olI , arc the saiii<‘ as ihostj hctwctai ?inv livdrocar}»on of 
the paratlin series, and correspoodirig primanf alcohol, 

aldehychs and acid. • 

AcitUc acid tan be inarh* fuitfier l>y treating /:?-iodO“propi- 
onic acid with ah‘oholic }M)tar?h : — 

CILI .( Ih.C'tVlu- ( IL.CII .( (U 

Noth vou Stcdcn'I’. — Coinpar*- this rouctioi) with that by which 
ethylene is made iVom etlnl bromide. 

Acrylic', acid is a liquid having a pinjgent odor. It boils at 
1 10‘\ and solidifies at a l<*vv tmiqH'ratnrt*. 

Nascemt hy<lrogcn e<niv(‘i‘ts it into proj)ionic add. Ilydri- 
odi(* a(‘id nnitc‘s directly with it. forming /i*iodo-pro[)ionic. acid. 

Notk I’Oii SrM>i:NT. — Wliat are the arialoti^eis reactions with allyl 
alcoliol and acrolein V 

Many dcrivativ(‘s of acry1i»‘ acid liavt* been stndhal, luit they 
need not be taken up Inn’c. 

Crotonic acid, C,Ef;0^. — (’rolonic add is made from allyl 
cyani(h\ tiu^ reactions involved luMug represented by the 
following eipia lions : — 

(•JIJ + K('X N 4- Kl; 

Allyl Allyl »‘y:itiia.-. 

c ,[!,.( N + =- (biiA^vn f Nn3. 

Cntmuic acid. 

» 

It can be inadt' also by iHstilling /i'hvdruxy-butyrie acid, 
('ll . .(’II (( >11) )J1. when a reaction tak?s place similar 

to that involved in the j^reparation of aervlii‘ from liydraeylii* 
acid. Fnrtlu'r, it can l>t‘ made l\v treating a-brom-butyrie acid 
with alcoholic potash. 

Oleic acid, OisHmO,. — This acid was spoken of in con- 
nection with the fats, it Iteing one of Hie three acids found 
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’vvith al(*oliolie potash ; will the etTeet be that represented by 

the e<|iiation • 

Cyi^Br, == CJI, + 2HBr? 

And. ^ further* su|>pose a mon()-snl»stitntion product of an 
ethylene hydrocarlH)n be tnaiti'd with al(‘oliolie pohisli ; will the 
etfeet 1)0 that represtaited l)y tlu^ efpiation 

aH.Br == ( JL -f IlBi ? 

If so. it is plain that w'o iiave it in oiir power to make a ue\Y 
series of hydroearbuiis. the members of which must bear to the 
etliylene Iiydroearbons the same relation tliat tla‘ latter bear to 
the iiaratrms. Tlu^ li'eiieral formula ol‘ this serii's would l)e 
2? etliylene series boiug tuid that of the 

paralliu series. 

A few members of the hydrocarbon series, CrJIvi, 
known, tliougli only one is well known, and this one alone need 
be considered. 

Acetylene, C.H-. — Aeetylene is formed by <lirect comliiiia- 
tion of Iiydrogen and oarbon when a eiiircnt of li^dro^ten is 
passed between earbon poles, Avhieh are ineandesecm t in conse- 
fjuence of the passage of an eleetrie- cnirent ; w I am alcohol, 
ether, and otlaT organic substanecs are passed through a tube 
heated to rednes> ; when eoa,l gas and some otlier sub.slatices 
are burmd In an insunieiont sn{»ply of air; and when ethylene 
hromide Is treat(*d with alcoholic potash : — 

♦ail, Bn (UL -f 2 IlBr: 

It can l)e })r?j>ai*ed most conveniently b\ the iiic(>?nplctc com- 
biistion of coal gas. 

KxpeHriient — bight a Bunsen burner at tlu‘ base, and turn it 
down so that tlie tiaine is small. The condition Is tier sarn<‘ as that 
observ'cd wh<ai a burner “ strikes back.” The odor notice<h uddeh i.s 
familiar to cv(a*y one who has worked in a eljcniicul laboratory, is 
that of acetylene, which Is mixtvl wllli the products given off from 
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the burner. To collect the arran;^e an apparatus as shown in 
Fig 13. '['he ]>ras.s tube A is screwed to tin; burner, which is Viglited 
the base. In B is a slong solution of anirnoniacal cuprous chlo- 
ride prepared as follows: Mak(* a saturated solution of 1 part coin- 
vnon salt and 2J parts crystallized copper sul|>hate. Sattirate with 
sulphur dioxide! Kilter, and wash with acetic acid. Dissolve the 
white cuprous cliloride iu amiuouia. 


y 



Viii. i:».. 

* Connect tlje nppnratus at C with some kind of aspirator (suction- 
pump, gasonu'trr (ilhd with w.ater, etc.) , ami draw the gases slowly 
through Mu* solution, 'The .acetylene will he absorbctl by the copper 
solution, ami a precipitate formed (see Exp. 54). • 


Acetylene is a gas of an unpleasant odor. It burns witli a 
luminous, sooty llnnie. * 

When heatcdl to a stdlituently bigli temperature, it is eon- 
verted into the polymeric .substaiiees, benzene, and sty- 
rene, Cgllft. It unites with hydrogen to form ethylene and 
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(‘thane. It ntiites with nitroiren, iin<hu* the infliien<*(‘ of thc^ 
sparks from aa infliK^tion eoil, formin^^ hydrocyanic acid ; ~ 

^ CJL + :? N -= 2H( N. 

Acetylene forms some carious eompouiuls \tith metals and 
metallic oxides. Amona’ tiuan may Ih' numtioned the copper 
(‘om[x>und «d)r‘dm‘d in Kxp. o.*». This has tlie eom[)ositioii, 
( A’u.., whicdi re{)reseiits the eiiprons salt of acetylene. It is 
a reddish-hrown siihstance which is insoliihle in watt‘r. ^^dH‘n 
dry, it ex|)lodes violently at 120°. Ilydroehlorie acid d(‘eoin- 
poses It, actdylene )>eine- evolved. 

Experiment 54. Filtir off the j>reeipitat,(‘ ohtaiiic’d \n Kxp. el’, 
aial wash it until the wash-wao-r runs rliroUirh (‘olurlcss. Brine- tiu' 
precipitate, to^retleu' wit)i a litth* \vaf<’i\ into a tlask funiisliec] wKli a 
fm3nel-lnl>e and a dt'Ii v»‘ry-t n))e. Slowly add eoneent rated liyflro- 
chioric aeid, and notice tlie evolntiiHi of ii;as. ('olkad some of it 
in a small cylinder over >vater, ami l»nrn it. 

Acadyhme unites witli l>romine, tornnnir tin' eompound 
('..HJVro tetra-lu'oiii-elhaiie. It nnit(*s with liy<lro}>r(.>mi(^ and 
liydriodie acids, forminir suhstitution-piodmds of the satu- 
rated hydrocarl)ous : — 

( JL + 2 III C>fl,L. 


Most of thi' hialnu’ ineiiihcrs of the aetdyletie series of h^alro- 
carhons hear toa(adyU‘iie tin* same ndallon tliat the liic^hm* mem- 
bers of the (‘tlislene series hear to ethyhme. 'riie lirst one is 


Alhfh'ne or ntetJiJjf ,t(> . 
die se CO ud is 

ElhyU(U'elyhne . . , . . 


(hCH, 

i 

(II 

(’•< OI, 

I 

cn 


('.(’ll,, 

!)r IHnnethyl-acetyleue I 

C.CH« 
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If. should be iiofiee<l in this r-ouiii*eliou flint there is a bydro- 
earbou of tlu* formula which, stri(d.lj spemkiug, is not 

a*^)oiftolo^iie of a(‘etylene, tliouiifh it is very (‘losely allied to 

ClI -CH, ^ » 

diinelhyl-ac(‘tvlone. It has the formula I 

fdl CII, 

The homolot>*ues of acetyUme. may l)e divided into two 
classes : — 

1, Thos(‘ whi(*h are obtained from acetyhuK^ liy the replace- 
ment of OIK' or botli the hydrogen atoms l>y saturated I'adicals. 
such as melhyb ethyl, (‘tc. 'flK'se may l>e calhnl the free Jiomo’ 
hjrpH'.'i, They all retain the condition peculiar to atadylene. 

2. 1dios(^ in which tlH‘ (*thylemi condition occurs twice, as in 

th(‘ hydrocarlions of tlu' formulas 

# 

('ir:r.( IL ( (('ll;). 

I . li . ^‘tc, 

('Il=:::.( lU 

'Fliese neay 1 h‘ ealhal dh'tlnfh in' (Jprirntiri s. 

We know nothinu' r(\i>ardinu‘ tin' r*‘lation betwtam the carlK>n 
atoms in acetylene. It is (*ommonly n^iiresentetl by three linCvS 

CH 

(“ ),<n- thr(‘c dots ( •). Thus, aeidvlene is written or rn;OH. 

CM 

Tike the sitrn for the ethylene condition, it should not be inter- 
jireb'd too liboally. It is best to I’caard it as the siirn of a 
(xlndilion bc'st illustrated in a<-etylene. and which may therefore 
lie called. th(’ (icetuhniv . We rero(jirize this concJition in 

(I conipnnnd i>>/ (Jn^ junrnr nf iliv roinjetn ml to tithe vj) four atoms 
of (X halexfen ^ <o' inn) ninle<'nh‘s rtf htf(li'i*ht‘<nuit<‘ oei(l and stniilctT 
acids; though, as we luue sevm, these reactions i#re not distinc- 
tive for tlui acidvIeiH' condition, for the reason that the diethy- 
Ume compounds hav(' the same ])ower. 

Prqpargyl alcohol, CsH^O. — This idcohol is mentioned 
merely as an example of alcohols which are deriv ed from the 
acetylene hydrocarbons. It is the hydroxyl derivative of 
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iiUyleiu'. or m»'t!iyl-:i<oU lent’. It is iniidc by treiiting brom- 
allyl al( ()lu>U (',J J with akH)holi<' })t>tash : — 

( oll,lU-.<)II ( + llBr, 

Ari!»s, (\, II 

TIu'St' acids arc the t*arl>ox\i ilcrivativcs of tiic jcadylcm 
h\drocar)K>ns. aid liciict^ tiiftVr from the itu‘iiih(.‘rs ol* the 
acrylic acid s(*ries )>y two atoms of liydroiii'ii eac'h, and from 
thf mcmlicrs of rht‘ fatty acid series hy four atoms of iiydrO' 
gen taeh. 

/ \ 

Propiolic acid, C^H.Od ■ j I. — The hromim^ and 

^ C.CO.H^ 

chlorine suhstitntion-[)rodncts of this acid ate more easily made 
and art; hetii-r known than jaropiolic acid itstflf. ( hlor-propio* 
lie acid is oljtained f>y tnaating div'lilor-iicrvlic acid with hiiryta 
watta* : — 

(hIK k,( (UI -r ( / l.( OJl f liCL 

/ C.CH, \ 

Tetrolic acid, C.HjO > ■. is obtained by tn^atinu 

c.com 

/i-chlor-crotonic acid with tainstie potash : — ‘ 

((l.(li 

1 ! + MCI, 

(M.(()JJ (b(()Ji 

Sorbic acid,, C,;H.O C.H. .CO.H c - -- d aeiti occurs in 
the unripe Ijerries (d' tin* mountain ash. It takes up liydrogen 
and yields ////d*/ a incndjcr of tiie aerylic atnd series 
(sec table, p. 220). it also take.^ np bromine, tiie final jirodnet 
of tlie aetion being an ataM of tie* formula ( V,M 7 Br 4 .COJI . VVdtli 
hydrobromie atad it forms dil>rofn-ca}>roi(^ a<*id : 


C,H;.C02ll T ( ,11,10, . ( 0,H , 

JDibrom-caprolc acid. 
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Leinoleic acid, C,oH,:.CO,H).~TliiB acid occiirs 

ill Uic fonii of an ctlicrcal salt of i^Iyccriii hiJinHeed oil. It cau 
o'ttained from linsci^d oil by .saj)Oiiitication. It is an oily 
liquid, one of tlu' most markc<l j)ropiTtics of which is i^jB power 
to take up oxyi^m from the air, it being thus transformed into a 
solid substance. Linsce<l oil itself has this proi>ertv of harden- 
i)ig or «b'ving. It is tin* prineij)al snbstanec belonging to the 
class of d/v/b/f/ o//.s*. The oil is uscal extensively as a constituent 
of varnishes and of oil paints. 


Valylene, — AVe have thus far liad to deal with three 

series of liv<]ro('ar))ons of the general formulas C nlb-n^^? ^ 

^•»d We naturally iuquij-e wlu'lher there is a series of 

tht‘^i>’(meral formula ('jdfjn-f 9"''’ mem]»ers of the series have 
])eeu |)r(‘|)ared by abstracting liydrogeii from certain of tla.^ acety- 
lene hydroearlions by tlie <aetion of aleoholie ]>oTash on tlui bro- 
mine dei'i^atives. Tims, 'vahilernu f 'dbs ])(Hm inade by 
treating valerylene bromide. CVJIdbv, with ahaaliolie potash: — 

cvn Ibv = { db; -f 2 11 Hr. 

It is a li(piid. Its most eliaraeteri'-tic [)ro{)ert\ is its powtu* to 
unite with Itromine t ) form tlie saturated compound CVdloBr^e 

Dipropargyl, C,;!!;. — Dipropargyl is obtained from the 
compound dibrom-diallyl. (Vdlnriro, by boiling with alcoholic 
caustic potash : — 

Cdl.Hr, =. C^h + ^ HBr. , 

It unites very readily with bromine, forming, as the final 
qtrodiict of the action, the compound Cnlbjbv, which is an 
octo-broniine substitution- prod net of hexatu*. 


The unsaturated liydrocarbons and their derivatives chus far 
considered are obtained by simple reactions from the saturated 
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compounds, and tlK*y all have the [>ower to take up readily 
bromine, ]iydrol>rovH(‘ aeid, etc., and thus to pass l>ack to tho' 
saturated condition. Whatever the nail nature of the relation 
between the earVon atoms in all tiu'se unsatnrat<al hydroearbons 
mav bo. it (‘ertainly is easily eluiugi’d to the '*ondition whieli 
exists in the saturated eomponnds. ddiere art‘ several liydro- 
carl'ons, however, wliieli art^ unsaturatial but whieh bri' not 
easily eonverled into deiivatives of the satnrated hydrocar- 
bons. Allhonirh umler sonu‘ (Mrenmst:ine(‘S they witli ditll- 
eulty unite dirvM*tly willt the halojj;cns. they do not take up 
enough to eoiivert them into di rivali\a‘s of the parallins ; and 
the ju’odncts \vlii(’h art' foniUMl arc unstable, easily giving up 
the Italoiten atoms with which they united. d1ie simplest 

liN'drocaibon of t]ji> mov kind is tlic vvi^ll-known henzeuv;, 
whieh is isc>tncri<‘ with di}>]’o]>argyl. liid’ore [»roeeeding to 
the (’Onsi<h‘ra.t ioii of ]»enz<'nc and its diaiv atu'os, it will be 
well t(» inquire whether tin* abstra<‘tion of hydrogen l»y the 
reaction (duellv ii'^ed can l>e piwlas] further than it has tlms 
far been puslaal. ( an wv, in otlau' words. I.iy uKains of tliis 
reaction iret hydrocarbons of the formula ( which have 
tlie power to nnit(‘ din'ctly with ttm atoms of bromim*? -Such 
hydrocarbons havr not be<*n pre[)an*d. Il vdioearbons of the 
foi'inula ar<‘ kiaovii; but tliey :ir<‘ not ma'h‘ from the 

liaranhis l>y absli\‘H*ting liydiv>gen. and tliey are not eonverUal 
into substilntion-})roduet.s of ilu* paradins by tlic addition of ^ 
lialogens and lialogmi acids. The eomj‘oiin<ls vvhieli have 
been considered fall nialer live gemaal heads, according to tlie 
formulas of the Tiyd roearbons. Th(‘Se heads are, — 

i 

1. ff(/drocnrb()n^. die /KrntJJlns (t.nd fheir derivatives. 

'1. Ilydr(v'ari) 0 )is^ 1 oJvjies ff/fd their deri ratives. 

H'lfdroixtrbons^ CtJL.n or the arefide/te hifdnxarhons and 

tjieir de r ir it ti res . 

4 . Ilydrocarhons^ 4 ? their derivatives. 

5 * Ifydrocarbo7is^ their derivatives. 



Ijeneii-al considerations. 


231 


This claBsification, while strictly correct, is mislcarling. inas- 
much as it conv(‘ys no idea in regaril to th(f relative importance 
of the componnds of the ditferent classes. As we have seen, 
tlie onl}’ (.*oni{)OundH whose treatineiit required inuch^tiine are 
tliose of th(; Ik’st class. Th(^se (‘oinponnds stand out promi- 
nently, and iirc dislingiiisljcd by the f)-equcncy of tlieir occur- 
rence ami their great nuniher. Tln5 (Mnnpoiinds of the second 
class arc luucli less numerously re})r<‘seiited, and but a small 
nnmirer of them are familiar sulistances. While a few sub- 
staiuM'S l)(‘longing to tiu^ third class arc known, our knowledge 
in reganl to ilie class is much more limitisl than evtui that 
of tlie second c‘lass. Tiually, as rc'gards tlie fourth and iifth 
classes, the r(‘w nqircsculatives of tlaau that are known are at 
f)resejit scientific rairiositics. Thus, after we h^ava^ tlie paraffin 
difrivatives, our kuowhalge dwiiidl('s away very rapidly when 
wo }.»ass to the following classes, until it mids with a single 
compound in the fifth (*lass. 

We pass now to the considerttlion of a new groiq), the impor- 
tance and number of whose memhors entitle it to lie placed side 
by side with the group of paraffin derivativei*. 



CHAPTER XIV. 


THE BENZENE SERIES OP HYDROCARBONS. - 
AROMATIC COMPOUNDS. 

Thk fundainonl:il suhsttuiee of this i^roiip is ( 

wliieli bears to the irroup the same relation tliat ainrsh gas 
bears to tlie groiij) of j)arallin (lerivati\ (*s. ]hMi;'ene. togi‘ther 
with some of its homologues, is a prodm^t of thr distillation of 
bituminoiis coal, and Ls, therefono (‘ontained in rrxil tar. As 
coal tar is the raw material from which all btai/aaie derivatives 
are obtained, it will be well briefly to consider the conditions 
of its forination and tlu? inetliodof <d»taining pure hydrocar)K>ns 
from it. 

Coal tar is a tln'ck, l)]aek. tarry lirpiitl, wliieh is oT>tained in 
the manufaetnre of illuminating gas from hituminous foai. 
The ('(Xil is heated in retort.s, and all the }>roduct8 pavsscd 
through a series of tulles called ^otahaiM'rs. Those are ke|)t 
cool, .and in tlunn tijc rapiid and volatile solid |>rodncts are con- 
densed, forming together the coal tar. It is an extremely com- 
plex mixture, from wliieh a great many Bulistanccs have been 
obtained. Amoiij^ those most readily obtained from it are tlie 
hydrocarl>ons of the l>enzene series, as well as the hydrocarbons 
naphthalene and anthracene, both of which are imporbant sub- 
Btances. ^ 

Wlien the tar is heated, of course the most volatile lu|uids 
pass over first. The.se an^ collected in vessels containing water. 
The first portions of the distillab? float on wiiter, and constitute 
what is called the light oil. After a time hydrocarbons .and 
other subatences of greater specific gravity than the light oil 
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pass over. These portions sink under water, and constitute the^ 
heamf oil, # 

^ light oil is treated willi caustic soda, which removes 

phenol (carbolic jund) and siniilar substances, find witli 
snlplniric aciii, whicli reiiHives e(‘rlain basic comjx^unds. The 
residue is then sii1))eet,(‘d to fractional distillation, by which 
means tlie first two unanbers of th(‘ serhes can ))c obtained in 
very nearly j)ure eondition. As tljcse liydrocaj'bons form the 
basis of a nuinl)er of ijn[)(>rtant industries, they are separated 
from coal tar on th(‘ larg(‘, scaha 

Idle [)rincii)al members of the series are named in the table 
below. 

HYDROCARBONS, 
llKNZi.Nn Sfjues. 


Kenzene (V,Hg. 

Toluene tblls- 

Xylene QJlio* 

Mcsitylciie ) 


Pseudoenmene j 


Durene ) 
Cymime j 


C loll 14 • 


Hcxa-rnethyl iKuizenc 


Benzene, — Ihuizmie is pr(*pared, as a1>ovc described, 

from tile light oil obiaimal from coal tar. It is also prepared 
by heating lamzoie acid with lime, when ftie acid breaks up 
into carbon dioxide and lienzene: — 

(VlloO, == + (XX. 

Note for Stcdext. — What is the analogous method for the 
preparation of marsh gas? 


Benzeue has beeiL made further by simply heating c.cetylene ; 

3 C 2 IL ( oHe- 
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To jnirifv the hytiroearbon ol>tairuMi l>y fractional (iistillation 
from light«i>il. it is cvjolcd down to ii low tcinpciMturc, and that 
which doi‘s not solidify is ponrcrl olT, Tlu‘ ci-ystrds arc pressed^' 
in tlu‘ coki between layers of bibnhms paper, and are tluai very 
nearly pine benzene. 'This can be fnrtlu'r pin;ilievl by treat- 
nuatt with sulj'hin’i*' aeid. wliicli nanoves a sniall ((uantity of a 
sul»stanco eontaining sulpiuir. :nnl known as tJn<>ph('in\* Per- 
fectly ])Vire benzene is ol»taincd l>y distilling })iire benzoic acid 
with lime. 

Kxperifnent 5o. Mix Intiaiatel) .'>r>s ijc'rrzeic aeM and 
lime, and distil lYtan a Jia-k conmch d witii a i‘()nd('ns(M’. See that the 
materials au«l apparaoo are lirv. .\dd a little ealeinm ( Idoride to the 
distillate; and, atb r it. hu'- stor'd ft)r an hour or two, redistil it from 
an ai)proi>riuto sizml di'-t Ulinu-indb, noting the temperature at hieh b 
boils. Put tin* red;stilh-d !iy»iroearl>ou in a test-tube, ami surround it 
with a tYeezing iiiixt uiv. 

Kxperirnent .%(>. — In imest })laeo> where there are gas-works it will 
not he diliienlt to gru a <juantity of liaht oil. I'fn^ separation of some 
of this into benzene and loin. me, and the ptiritleation of the two hydro- 
carbons, i> the itesj po^-ikdi* introdueriou to a study of th<? armnatic 
compounds, d'lu' Itenz.-m* and toluene thus obtained maybe used in the 
preparation of a num’Oi'r of topical d<‘ri\ a.t i\'es aeeording to nudhods 
wliieli will be described. In fraet ioning the Ifght oil, it: will be oteserved 
that there is a temlem\v to an .aeeumniat ion of t!u' distillates in the 
parts boiling near s(Y-’ (the bolllug-point of benzene) and il(c (the boil- 
ing-j)oint of toluene). The tin.al {)i.irit]eation of the bemzene should be 
eflecte<l hv freezincr and pressing, as do‘<eril>ed abo\‘e. 'I'he toluene" 
should bcilistilled until l)y reilisiillatioii its boiling-point is not changed. 

Benzene is a colttrhess litjuid which boils at 80. It has a 
lieculiur. pleasai^t odor. Several of tlie liomologue.s of benzene 
have a Birnilar odor. Hence the name (rr<ymalii: compoands was 
given to them originally, and it is still hi gimeral use. Benzene 
is lighter than water, its .specific gravity being 0.800 at O'". It 
burns with a l>right, luminous flame. 

Kxperliueiit 57* — lYmr a layer of benzene on water in a small 
evaporating-(ll.sb. Set fire to it. 
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At O'’ bcuzonc/ solidifies, forming rhombic prisms. It is an 
excellent solvent for oily and resinous subsiancesJ 
.. Q- mlciil i'Omhii'l of hfotzo/te. and hypotliesis regarding ils 
strutifire. In t!i(‘ li<>ht of the knowledge we hava> already 
giiined in siudving hydroearbons whicii contain a .smaller pro* 
portion of hydrogiui than the paraflins do, we should naturally 
(Expect* to tind that ben/anu^ can easily lie converted into a 
derivative of hexane. Vfa should naturally expect to tind 
that it nniti;s >vith bromine, just as dipropargyl does, to 
form an octo*brom-liexane thu.s, — 

(Vb + lir, - ( '.;II«lh,; 

w’ith hydrobromic acid to form tetra-lirom-hexanc thus, — 

* 4 iii;r === ( yilio^rj; 

and proliably with hydrogen to form hexane, — 

(\M, d- s II ^ (oil,,. 

Ihit none of tliesc reactions takes plarac Hydro! >roniic acid, 
whicli n<4s so ivadily on all tlie nnsatiirated compounds hitherto 
considered, does not act at all upon l>en/ene. Bi*omine acts 
readily enough, but the action whieh usually takes jdace is 
like that whieli t:dv«,^s |)Ia.ee with the saturated paratllns. It is 
rnf>.sti(ntini(. and n.(ft addition, 'Thus, liromine forms mono- 
brom-benzene. C-.n-Br, under ordinary eircumstanees. If, 
however, the action taki's place in the direct sunlight, a prod- 
uct is formed which has the formula (\;il,;lhvs known as 
henzerie hexahruntidt', and to this no more hromine can l>e 
a(lded. Fnrtluax l)enzene hexabromide is an»unstal>Ie com- 
pound, — mu(*b ii*ss staldc than benzene. A\ heii heated, it 
breaks up, partly aeeordnig to the eipiatioii 

C,FI,Bi^, C,II:dha + 3 HBr, 

* Benzene, the eliemlcal of t]ie (K fiiiite fornnila murit tiot be coiv 

fotmded with “ benzine,” the commercial .substunee oblalueti In the refill ing of petro- 
leum (see p. 110). 
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the chief prcxiuct toeing a suhs;titiitioii-[>ro(luct of benzene, — 
t r i - bro ni - bi? n zi* n e . C<j I LB . 

'rivutcd witb }jydrioili<‘ uciil, benzene takes up six atoyis 
iiydrogtvt, ainl yu^ids a hydroeiir)H)in Cyii,., which, hcweviu*, does 
not act like a inerilH'r of the ethylene series, as it appears to 
have no power to tak(^ nj) In'ornine, etc., and shows a marked 
tendency to pass ba(‘k into i»enzciu\ particularly under the inllu- 
(au‘e of oxidizing agents. 

I'he lat ts mentio?ied slanv c]i‘arlv tliat benzene ditYi/rs in some 
way fundamentally from ;dl tin* iiy<iroearbons wliieii Inna* l>een 
considered. Ibil tliese facts arc not snilicicnt to (mablc ns to 
form an hy|>ot]iesis in regard to its >iruclnrc. On studying tlic 
many sul>-tilution-products of lu n/aua*. botvever, n c s(aon iMarome 
acqnaitdcd with facts of a ditbu-ent order and of tlic highest iui- 
|>ortan<'c, ^ 

It will f»e rcmomlienal that the t}u‘ory in regard to the reht- 
thnis of the j/aratlins f«) eac*!? otli<*t' leased upon the fact, that 
only one mono-sitbstitution pr<,>dn( l of marsh gas can ])c ol)ta,ined 
vvitli au\' given sultslitutiug agiuit. d’licrc is but ouc (diior- 
inetlianc, but oin' brom-methanc, etc. d'his fact leads us to 
b<dieve that each hydrogtai tttom of rmirsli gas beat’s tlic same 
relation tvi tlie carbon atom, or that marsh gas is a symmetrical 
com[K)und, A similar conclusion has b^MUi reached in regani to 
benzene : and it is liasiHl (i|>on tv most exhaustive study of the 
sul>stitution-i)rodu<*ts. Xotwithstauding almost innumeral)!/* 
i'lTorts to j)re[)ari’ isomeric mono-sul)stitution products of ben- 
zene, no sucl) isomeric substances have Ikmui prc|>iinMi/ There 
is but one mon<?-l)rom-betiz<me, but <ine mono-chlor-bcnzene, 
ctf‘.. etc. Fui^hcr. mono-brom-benzene has btam pri^pared by 
i cplacing the six hydrogen a fours of btmzene sncc’essiv ely by 
bromine ; and the |>roduct has been found to tlic same, no 
matter wliich hvalrogv-n i.s replaced. As this fact is of funda- 
mental importance, it will be well to consider how it is poSvSible 
to replace the six hyrlrogens su<*cessively, and to know that in 
each case a diffi rtbit hydnigcn atom is rcplaccil. Wliile it would 
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ieud us too far to follow this subject in detail, the principle 
fuade use of can Ijc made clear in a few words : — 

• Wa have a compound, th(‘ formula of wliicli is CoH«* Write 

1 4 (* 

it thus, CtjHinilMlU, numbering the hydrogen symbols 'to facil- 
itate reference {() them. 'Flu* problem is to replace, say H, by 
broininf ; in a second casci, to replace 1 1 by l>romine; in a 

3 

third, II, etc ; and to compan^ the six mono-biom-benzenes thus 
obtainetl. Suppose we treat l)enzeue witli bromine. We get 
a mono-lrrom-))enzeiie, and we know that one of the hydrogen 
atoms is n'placed by ])romiiie, but of eourse we eannot tell 
which one. We may assume that- it is any one of the six 
n^presented in the abo\e formula. Foi* tin* sake of tlie argu- 

• 1 ^ ^ 2 3 4 5 "a 

lueut, call it 11. Our comj)ouiid is therefore CoBrllHIlHIl. 

NcAv ti'eat this (‘ompound with something else which has the 

pow(*r to r(‘})lac(^ tin* liydrogen, say nitric acid. -V second 

hydrogen atom is re[)lac«‘d hy the nitro group XCb. Again, 

w<' do not know wliich om*. of the hydrogen atoms is replaced 

in this o[)eration, Jnit ice do l\now ihut it is a diifertnt one 

from find iclilch icas replaced hij the bromine in (he first 
2 ' 

operation. Call it 11. Wc have, therefore, the compound 

4 r. rt 

C„Ur(N( h) 1 n HIM. By treating this eum[K)und with uaseent 
hydrogen, two naiclions take jrlace, tlu* chief one for our 
present })iirposc being the re[)lacement of the bromine by 

I 

hydrog'iu. In other words, II is put l)aek into the com- 

^ 3 4 5 G 

pound again, and we have C\;H(X().2)IIlI5illL By means 
of two reactions which will l)e studied tarther on it is a 
simple matter to re[)lace the nitro group l>v l^romine. This 

1 4 G 

done, we have the compound Cy IBrIlinill, or a mono-brom- 
benzeiie, in which the I)romine certainly replaces a different 
hydrogen atom from that replaced by direct substitution. The 
two products are, however, iilentieal. The above explanation 
will serve to make the principle clear which Is involved in the 
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study of the relations which the hydrogen aloins contained in 
benzene bear to the inoleeiilo. The* principle has been applied 
suecessiveiy to all the hydrogen atoms, and, as <already stated, 
the resiilt is the proof* that all these h\<lro<j!,eu atoms l>ear the 
same relation to tlu* mohaaile. 

Thus far we have formed no conception in regard to tlie r(jla- 
tions existing between the constitiienhs e»f ))enzene. Can we, 
on tile l)asis of the facts aliove staUal, f4)rm any satisfactor}' 
conception in regard to these relations? How' (*an we imagine 
six earlK>n atoms and six hydrogen atoms arrangi'd so that all 
the latter shall lK*ar the same relation to the inolecuh*? The 
simplest conception is tliat each carbon is in eomliination with 
one hydrogtm, and that the six carbon atoms are arrang(*d in 


the form of a ring, and not. 

as in the paraliins, in the form of 

an open ciiain, or a chain wdtli liranches. ILsing our ordiiniry 
method of representation, this conception is symbolized in tlie 

formula 

u 


c 

HC 

CH 

HC 

CH 

/ 




H 

or, as tlic cun'ed lines liave 

no si)eeial significaMce, the expres- 


sion becomes U 

C 

'' CH 

i ! 

HC. /CH» 

H 

This syrnlx)!, then, is tlie expression of a thonglit wliich is 
suggested by a study of the chemical conduct of benzene. 
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Before we can accept it as probable, it must first be tested by 
ail the facts known to ns. If it is not in accprdanee with all T>f 
th#2in Jf it sn^^i>*csts povssibilities which are not realiztHi, then it 
must b(‘ (li.st*ar(io(l. and we must form some other conception in 
regard to the struciurt*. of btmzcaie. 

In tlie first t)iace, tlicn, does it aecoiint for the addition 
products* beijzene ]iexal>romide, Incxa-liydro-lxmzene, eto. ? The 
fonnnhi represents t‘acli (*ariH)n atom as trivalent, and we should 
expect, thcrefonn that each one eonld take up an additioJial 
univalent atom, forming, in the (‘ase of bromine, a compound 
of tlie forniiila 

HrllC CHBr 

BrlKT , CriBr 

^ C 

11 Br 

in whieli eaeli earlu)!! atom is acting as a rpiadrivalent atom. 
Tinless the ring form of (*om])ination between the carlxvn atoms 
is broken np, it is iiin)ossib](‘ for the compound to take up more 
In'omiiuc fliuicx', the last product of the addition of bromiim 
to ])enzcne should be benzene bexabromide ; and, in the same 
way, the last product of the addition of hydr(>gen should be 
hcxa--hydro~beuz<me, as it is. The facts and tlie hvjiotiiesis are 
in liarmoiiy. 

Again, wm may inquire: Of how many isomeric di-substitu- 
tion products of benzene does (lu* hypotiu\sis suggest the exist- 
ence? Numbering the hydrogens in the formula, we have : — 

(l)H 

Ah 

(«)!«:: '^CH(2) 

(f>)HCv .011(3) 

0 

H(4) 

The hydrogens (1) and (2), (2) and (3), (3) and (,1), (4) and 
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(5), (.")) and (d), and ((•) and (1), boar tho same relations to 
eaeli other ; and, aeeording to the fonnula, whether we replace 
(1) aiid (*J), or (^2) and (-1), or and ( I ), or any other 'of 
the Mluo'o-nained pairs, the pn>dnet onglit to be the same. We 
should i a eom}>o<ind of \vliieh tiu‘ t‘ollow'in<i: is the general 
ex})ression, in which X represent any substituting atom or 
group : — ^ 

HC^ CX 

HC. ^ClI 

"C ' 

11 

FonatUa I. 

In the second place, the }jydrog4*ns (1) and (d), (2) and 
(1). (d) and (.V). (-1) and (hi), (:>) and (1). and (h) and (2) 
bear to eaeh other tht‘ same relation, Imt .a dift’erent rtdatio* 
from that whieh liie above |>Mirs do. Ib^plaring any "sneh jjair, 
we shonld havr* a second compound, wliieh is represented by 
the general formula 


X 




HC 

j 

CH 

HC, 

fX' 

/CX 

V.> 

11 


Formula 

11. 


Finally, thercyis a third kind of relation, which is tliat between 
hydrogens (1) and (1), (2) and (d), and (e) a?id (0) ; and, by 
replacing such a pair, we should get a eunipound represented 
by the general formula ^ 

/C-, 

CH 


nc 



i 

CH 


X 

Fomnilii lif. 
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The hypothcBis iiggests no othor possibilities. We see thuB 
that the li^ pothesis indifN'ites tlie existence of three, and only 
thfee, •classes of di-sn]>stitntion ])rodnets of l)eiizene. There 
ought to l)e thre(‘, and only thna*, di-clilor-lx'nzenes three, 
and only three, di-l)J'oin-l>enzenes, etc. 

The di-snl)stitution products havt^ l^enn stiidictl very exhaust - 
ively foi^ the j)Uip(>se of detennining definitt'Iy wliether tlie 
conclusion above readied is in accordance with tlie facts ; and 
it may be said tit oma*, that every fact thus far discovered is iu 
liarinony with tiie liypotliesis. Three well-marked classes of 
isomeric di-substitution ]>rodncts of benzene are known, and 
only tliree ; and many i cprcsentatives of the three dtisses have 
been studi(Ml etirefully. Hiere ar(‘ many otber facts of less 
im|>ortanee known which furnish arguments in favor of the ben- 
zeno liyiiotln^sis expressed in the formula alKivc diseussed. ])ut 
||iis is not the phice to discuss them. Let it sutlic'e, for tlie 
prc'sent, to I'ecognize that the liypothesis is in accordance with 
tlie most important faois known to us. 

T1hu’(‘ is om‘ point which lias not ]>ecn touclual upon, and 
that is the rdation *of the cai’bon atoms to each other. In 
regard to this, ns well as to the ndation between tlic carbon 
atoms ill ethylene and acetylemg we know nothing. The 
formula is commonly written thus; — 

li 

lie "CH 

: !! 

HC< , CH 

II 

which indicates tliat the carbon atoms are joined together 
alternately by single and by double bonds. This formula, 
however, expresses something about which we know nothing, 
and conceming which it is dillieult, at present, to form any 
conception. The simple formula 
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II 

.c\ 

HC^ ^CH 
i I 
HC, cn 
c 

II 

loaves the question as to the relation between the e.arbon atoms 
entirely open, as it is in faet. 

The benzeiu* liypothesis has thus been treated somewhat fully 
for the reasons, that it has jdayed an (extremely important part 
in the study of the iH'iizeue derivatives, that its use serves 
ijreatly to simplify the study of these* derivatives, and that in 
most text-books, whetluu* (deimadarv ov advaneed, tlu' liypothesis 
is merely stahal, while the stiuUait is left to find out for himself 
its ineanimr. and this lie maierallv fails to do. We may novv 

' ■ V * fc* ^ 

return to a study of the facts upon which the hy}x,)theBis % 
founded. 


Toluene, C-H/ — Toluene was known before 

it was obtained fi’om eoal tar, as it is formed by the dry distilla- 
tion of Tolu balsam, wlieiiee its name. Its relation to benzene 
is shown by its synthesis from brom-benzene and methyl 
iodide : — 

CeH^Bi -f CIU T- Na, ('.Ih.CJb, -f- NaBr + Nal, 

Note for Si'uokxt. — Ceinpan* this reinaioii ^vith that, used in the 
synthesis of ethSne from methane, of projiano from ethane and 
in ethane, eta 

According to tills s\m thesis, tolii(,‘fie aj)|)(‘ars as nieth f/l-benzene, 
or benzene in which one hydrogen is nqdaced liy methyl ; or as 
phpnyl-methrme^ or rnetliane in whi<‘h one hydrogen atom is re- 
placed liy the radical [iliimvl, (^IIjv, Avhi<‘h bears tin* same 
relation to benzene that methyl bears to marsh gas. 
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Toluene is a eolorloss lic|ukl whieh boils at 110"^; has the 
specific gravity 0.8824 at 0°; and has a* pleasant aromatic 
octor.* 

It is very snseejdible to the action of reagents yielding^ a large 
nuinber of snb^jitution-prodnets, some of the most important 
:)f whieli will be taken up farther on. 

Ihit ofie tohieiH‘ or methyl-benzene has ever been discovered. 

Towards oxidizing agents its condnet is peculiai’ and interest- 
ing. Tlu‘ methyl is oxidized, while the phenyl remains intact. 
I'he product is a well-known acid, benzoic acid, which, as we 
hav(‘ seen, ]>reriks. up readily int<> carbon dioxide and benzene. 
It has the composition (ViJ/b, and is the carboxyl derivative 
of beiiztu\e, (V.li., *C(X,n. The oxidation of toluene is repre- 
sented l)y th(‘ equation 

• Cell,. Cl [3 + ao =: ( + 11,0. 

# 

Xylenes, CkHkI C„H,(CH.k.l. — I1iat portion of light oil 
which boils at about M(C w’as originally eallt^d xylene. It 
was afterwards found tliat this coal-tar xylene eonsists of 
throe isonuuie liydroearl)ons. As the l)oiling-pointvS of these 
three substances lie (piite near togetlier. it is impossible to 
separate tliem l>y means of fractional distillation. By treat- 
ment with sulphuric acid, liowever. tliey can be separated, 
and thus o])tain(al in j)ure (‘ondition. They are known as 
orllto-xylnn e , /ueUt-xylcn e , and pa ra-xy/v )ie . 

f 

Ortho-xylene reseml)le.s benzene and toluene in its general 
properties, but boils at HO"* to 141°. 

Meta-xylene boils at 

Para-xylene boils at BUC to 137^". 

These liydrocarboiis have also been obtained from toluene by 
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moans of tho roac-tion niado use of for the purpose of converting 
beuzeue into toluene : — 

+NaBr + Nal. 

Br 

This shows th.Mt they ivre all mptJiyUtolneMeH. There are 
three niono-l)r()m-toluenes, known as ortho- ^ nieta-, and pani- 
hroin-toluene. For the preparation of ortho-xylene, ortho- 
broin-tohiene is used ; imda-hroin-tohieiH^ yields meta-xylene, 
and para-hroin-tohieiu‘ yields para-xylene. 

Ortho- and ineta-xvicne have alsi) been ol)t;iim'd Iroin certain 
acids, which btair to them the same relation that i)enzoic acid 
bears to benzene : — 

on, 

cai,]( ir - (V, 114(01, )•.. + Ob. 

((04 1 


The reaction lo wtiieh un' hj-xyh /fo is fornual trom rtiesitylenic 
(frid is of spi‘(^ial imj)orta)U‘e. as will Ik* lannted out. 

Bv oxidation, tla^ xylenes nnd(‘r<ri» oliani^es lik<* that which is 
ilhistrated in the foiination of benzoic acid Irom tolueiits and 
which consists in th<‘ transformation cd’ methvi into carlK)xyl. 

The first chancre gives a(*i<ls of ttic formula ^ | 


corresponding to em-h xylene. By furtlicr oxidation, thase 
three inonoliasic acids are eonverti/d into dibtisie acids of tne 

fonnula < ! Inr Tims, wc have the three reaetious, all 
of the same kind : — 


and 


(1) CJI,. CH, + "O === (V{,.(:041 

(i) ( «ll4 < + -lO == < 0*114 < 


+ 14,0 ; 

+ 11,0 ; 

+ 11,0. 
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' CH 

* TIk; tlireo monobasic* acicls of the formula 

lv>iow;i as ortho4olinc^ inoUtAobdc. and paniAoluic acids re- 
speetively ; and tia* threci dibasics ticids ol)tained froiti tliern 
are known as orlhn-phUmllc, tneta-phtjufl t(\ and [larn-phtJmlic 
acids. Slartina' tini-< fi‘om the* threc^ In’orn-tolneues, we get, 
lirst. lliftM* xyK'iu'S, tlam tlnua^ toIiii<‘ acids, and finalh’ tlnce 
plitlialic' ac'ids. In each laisc*. \v(‘ distinguish between the 
tinvr is<)iin‘ri<- eoiniaanals by tin* jirefixes oriho^ ntefa^ and 
]>arn. In a siniilar way, all di-snbst but ion |)rodn('ts of ben- 
zciic jire (l(*sip nail'd. \Nd* therefore have thi’ee series into 
which all di-siibst it nlion products of Ixaizene can be arranged; 
and these are known as the Or/A re. ve/’/e, v, flic and 

the ]*((('< I -ST rif-s. In arranging tlimn in this way, we may 
s(‘lej‘t auv prominent di-sul)stitution produel, and call it an 
oii/to ('om pon ltd ; and tlnm call one of its isomerides a nieta 
rfjti/j'ioirnfb and tiie othei’ a. pxtra xom potmd . Having thus a 
repr(*S(aitati\'e of <*aeli of ilie thiee elasst-s. the remainder of 
the j)robli‘ni consist.'^ in (Udermining for (aieh di-substitution 
])roduet. by mi'ans^of appro|>riatc reaelions. into which one 
of thi‘ three rej>t'<‘^entalives it can In* transformed. If from 
a given eom})ouud wi' get the i'e]>re>enlative of the ortho 
serie.s, we conclude that the compound liclemgs to the ortho 
series; if we get th<‘ rcpn'seniativt' of tlic meta scries, we 
o 4 )nclndc tlial the compojind is a meta com})ound : and if we 
g(d. (lie n’[)rcs(‘ntativc <»f the para series, w(‘ conclude that 
th(* compound is a. j)ai-a compound. As ri^prcscntativcs, we 
may select either tlx* three xylenes or thP tliree phthalic 
arads. Now, to repeat, any di-r>ubstitution pj^oduet of ben- 
zene which (din be converted into ortlR)-xylene or into ortho- 
phthrdie acid is regarded 'as an ortho compound, etc. 

This ckiBsiticaticm of tlie di-snbstitntion products of benzene 
into the ortho, meta, and para series, by means of chemical 
transformations, is entirely independent of any hypothesis re- 
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garduii: the nature of heii/aMie. We mny now ask, however, 
which one of the fhree general expressions given above (see 
formulas 1., IL, aiel 1 1 L, je 210 ) jvpreseiits (he I'clution of the 
groups in the oitlm (‘omponiuls, \vhit‘h one tlie relation in the 
nieta eoinp>oniuls, and whu h one tlie o lation ii tlio |>ara (*oni“ 
|)onnds. If \ve ean answer these (|nestioiJs for any three 
isomerie di-snbstitution prodnel^, tin* answia' f(»)‘ the rest will 
follow. To reflnee tla* pjoblem to >iin[)le t(‘rms, therefore, 
h‘t us take the llirve xyh'ues. W'e have tln-ee xylen(‘s and 
thret' Ou'rnulas : how can we- di< tm inine whieh })artie\ilar form-' 
nla to assign to earii xylei\e? 

As may Ih* iinagim'd, this drt(‘rmiuation is by no na'ans a 
simple matter ; and it has bemi t he o<'easion of a great many 
in vestigalions. 'riieoretiertlly . the simplest metho<l a\'ailal)ie 
e<Uisi>ts if] carefully studying tiie substitntioii-(>rr)duets of t ach 
xyleJie. to di.-^fover how uniny varieties of mono-substitution 
[U'oduets can be obtaiiUMi froui each. The fornmlas aian — 


ill, 

r 

( i)H(: ' ( .('11, 

(dillC CIKI ) 

(■ 

If 

( 2 ) . 

ForTn’ala I. 


( n, 

( 

{IjUC (11(1) 
('(II; 

(' 

II 

( 2 ) 

Forint! la II. 


(II, 

c 

(i)H(' ('M(i) 

: ( 

(11(2) 

(■ 

('ll, 

Fi>rnin);i 111. 


Kaeh of the fcj^ir unrepiaraal benzene bydrogensof the xvlem^ 
of formula III. bears tin* same relation to tlu' moleenle. It 
Iheri'fore shonRl make no differmiee whi<‘h one is n‘]»lae('(l, the 
jiroduct ought to lx* tlM‘ same. This slatuld not b(‘ true of 
the xylenes re|)resented by formulas I. and II. That xylene, 
whose structure is represented by formula fll., ought therefore 
to yk'ld liiitone kind of mono-substitution product. On study- 
ing the xylenes, we find the one wliieli boils at 130*^ to 137®, 



KTHYlr-BENZENE, 


247 


ciillcd para-xylene? yields but one kind of rnono-gubstitntion 
products; tliat is, we can get from it oiil^^ one mono-brorn- 
x\1eim ; only one inono-nitro-xylene, etc. We therefore con- 
clude that para-xylene is represented l)y forrmila IIJ. a])ove ; 
aiuL furtijcr, tlut formula III., on p. 210, is the general ex- 
})ression for all t)ara eom|)oun<ls. 

Examining foianula 1., on tlu‘ i)receding l>age, in the same 
way, we see tbat 11(1) and 11(1) iH‘:u- tla* same relation to the 
mohiCu](‘ : and that M(d) and H(‘2) also bear the same relation 
to the moleeiili^ thongli difftTent from tliat of 11(1) and 11(4). 
Two elilor-xyh'iies of tlu‘ formulas 


lie 

eii, 

/(' - 

(cn, 

lie 

eii, 

.e\ 

e.eii, 

1 

lie 

' :iik1 

eei 

lie 

I 

,eii 


V 

H 


X. 

ei 


ought to be oldainalje from tlie xylene of formnla I. 

In tlie same way tina^e mono-snb^^lilution pioducls might l»e 
obtainabh* from the xylene of formula II. The method, the 
])riu(*iple of which is tlms iudieated brielly. vvhih^ theoretically 
sim|)le imough. is wry dillieult in its afiplicatioin except in the 
ca#e of the [lara eompounds. Other nndliods liave therefore 
been used, and these will be discussed under mesityhme and 
naphthaleTie. It may be said, in antieipai ion, that tlie result 
of all observations point to formula I. for o?lii(HNy]c‘ne ; to 
formula II. for nuda- xylene, and to formula l*tl. for para- 
xylene. 

Ethyl-benzene, CsHig(- G.H. .CjHy). — dTiis hydrocarbon is 
isomeric with the xylenes, but <litlcrs from tliem in that it eon- 
tains an ethyl group in the place of one hydrogen of benzene, 
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insU'ad of two methyl groups in tiie })hi<‘o of two hydrogens pf 
hcnzeije. 

It is made hv treating a mixture of brom-benzeue and ethyl 
broinidt‘ witii so<lium : — 

C JVb' -b CJr,Er -f 2 Na - 2 NaBr. 


Its eonduet towards oxidizing agents tlistinguishes it from the 
xylenes. It yields benz<'ie aeid, just as tohiene does. In tins 
<‘ase, as in that of toluem*, the [)aradln radi(*al is (*onvei t('d into 
«‘arlM)Xvl. It levs inani found tliat no inatba- what this radical 
may l>e, it is, und(‘r the same cinaimstiinces, converted into ear- 
iHjxyl. Thus, the conversions indicated tudow take [)lace : — 


irivc-s 

( jr.( oji. 




(V,ii.-,.<'o,n- 

C„ 1 C.('.,H„ •• 

(VH-.-COjU. 

<11-, 

^COJI 

car- 

COJI 


Mesitylene, Q.HiJ C,Hv(CH.) j. ^l(\sity is contained 
in small qnantity in light oil, ami can lu* obtaim'd in ])ure. eo.n- 
dition from this souoac it is most rca<lily [)ri‘[>ared ]>y treating 
acetone with sulplmric a('i(i : — 

‘3 ( Jid> - T 3 lU). 


It is a liquid rersembling tin* lower ineinluTs of tlie series in its 
general properties. It boils at Ihd®. 

Its conduct bnvards oxidizing agents shows that it is a trf- 
7 iietJiyUbenzen<i. When boiled wdth dilute tiitrie acid, it yields 
mesitylenic acid^ C^HjoGa, and uvitic acid, C9H3O4 ; and, by 
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/nrtiior oxidation^ with dir(>n»k‘ Jicid, (nmesitir arid^ C<jH/)is, is 
foriiKui. By distillation with lime, mesityk‘ilie aeid yields meta- 
xyleue and (‘tirhon dioxidt^ ; uvitie aeitl yields toluene und ear- 
])on <lioxid(^ ; and trimesifir arid yields Ixaizene aiu/ carbon 
dit>xide. I'he ]’onnalion and decompositiun of tile acids may 
he represented by the e(piationB following : — 

rdl, 

( irOa -I- ‘H) C,IlJ Cll3 + ILO; 

( C'O .I I 

Mi'Kiiylciiic acid. 


(<'H. (OI, 

J CH:, + ;5 o = CJI. ( O.n + ICO ; 
bxLii ((0,11 

Mcsit ylciiic 1 aeid. 


(CiC 

Cfiiii' CO, If + ;5 () 
' ( (UI 

l.'vitie acid. 


i ( (UI 

(OdI + nX); 
ii'OAl 

'rrimcBitie aeid. 


(di,,- cir, 

( ('( UI 

j Icriic acid 

( cic 

o«ii,, (OJl 

( ( ( ),i I 

l^vilt<- Held. 

I ( (UI 

J ( ’odi 

((OdI 

'TriincBitic* acid. 


CV,n,|J'||' + C(C; 

Mota-xyleiic. 

d- 2Co,\ 

Tohictio. 


cji, + ;i CO.. 

l>eiizciic. • 


Hiese Iransforinalions show elearlv thet mesitylene is tri- 
inetliyBlienzene,. iait they tlo not show in what legation the 
methyl groups stand to each other. 

An ingenious specailation in regard to this relation is based 
U|)on the faet that mesilylem* is fovnuHl from acetone. It 



250 


BEKZl^INE SEUim OE HYDKOOAKBOJSS. 


appears probal>le that each of the thr(‘e molecules of acetone 
taking pait in the teaction, 

3 cy 1,0 := 0,1 1,, + 3 HoO, 

undergoes tlie same change. As tlie j)i*othK/t contains three 
methyl groups, tlie simplest assumption tluit can be ♦made is 
that eacli acetone molecule gives u{) water as represented 
thus : — 

CHo-OO-^dlg = Clln-C-~CH 4~ n,o. 

Acotonc. 


Wi* thus have llirce residues, ('ILj — ( ■— (‘II, and these unite 
to form trirnethv! iHUizene. Tlie only way in whieh the union 
can he represented, assuming that all three act in the same 
way, is this : — 


HC 




CII3 

C. 


CH 


HaC.C .C.CH3 
'C 
H 


According to this reasoning* mesityhme is a symmetrical coin- 
|)Ound, — tliat \> t<> sav, cacli of the three methyl groujrs (icars 
the same relathm to tlie nioleeiile ; an<i th(‘ same is true of eahh 
of tlie three la uzene-hydrogen atoms. 

This view ha;-! been U?stetl In' replacing tlu^ tliree hydrogen 
atoms successively by ]>romine ; and it has lieeu found that 
the view is C(Ailinne<I, as but one mono-Viromine substitution- 
product of mesitylciie has ever l>eei^ olitaimMl. Accepting the 
formula above gi\’cn foi' mi’sitylene, an iia[)(n’tant conclusioM 
follows regarding the natuie of meta-xylene. For we have 
seen that, i>y oxidizing ni<-sityleiie, we get, as tiie first product, 
mesitylenic acid, — which is mesitylene, one of whose methyls 
has been converted into carboxyl. As all the methyl groups 
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J)oar tlie same relfikion tx) the molecule, it makes no difference 
which one is oxidized. The acid has the formula 

Cli. 

my cii 

1 ! 

COolI.C . .C.CH, 

M 

Now, by distillini( tliis a('id witli lime, carbon dioxide* is ^iven 
olf, and nuda-xylenc is ])rodue(‘d. 

As Uu* chan^r* consists in I’cmoviiiL^ tlu* earboxyl, and I’cplac- 
ing it }»Y hydrogi*n, it follows that iiicla-xylcne must be repre- 
sented l)y the formula 

cih 

lie (II 

IK" ( .CII, 

C'^ 

II 

and conBcquenfly that, in jdl imda comp(Hnuls, the two substi- 
tyting atoms orgrou|)s bear to i‘.‘uh otlu r the redation which the 
two methyl groU[>s bear to each otlier in this formula for meta- 
xylene. * 

Pseudocumene, C,,H:i(CH;s):<]. — Thi# hvdroearbon, 

wlneh is isonau’ic witli nu'sitylene, occurs in c<)al-tar oil, from 
whi<*h it can Im* made in pure eouvlition. Its properties are 
similar to tliose of the lowtu* members of tlie series. It boils 
at 

Psendoeumeue has iKaai made syntla'tieaily from brom-para- 
xylene and methyl iodide, ami also from brom-meta-xylene and 
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methyl iodide. How' this is 
examination of the 'fonnulas 

possible, will l)c^ understood by av. 
lielow : — 

' eiTg 

CIl, 


,C. .0. 

HCV ^CH nc ('H 

i i i i , 

H€, .Cl?i- lie. .C.CIIs 

e' 


eii, 


15r 

niAHu-int'ta x V k iic. 

Broiii-piini xylofie. 


Ket)hicinii the bromiru‘ 

l)y methyl, in citlier of the compounds 

represented, tlie p]*oduct 

would liavi' iht' formula 



(II, 


lie 

(II 


lie 

( .ClI, 


e 


eii, 

which is that of psewdocuiiieuo. 

Cymene, t c , „H , , f C.,H , < ' ') . 

Para-methyl-isopropyl-benzene, ^ ' C..H-/ 

This hvtlrocarboii is of spi'cinl iinportaiu*!* :met interest, (yi 
account of its close connection with two well-known jLjioups 
of natural subshinces. — the* uionps of whieh (*aniph«Tr and oil 
of turpeutiue iinf the l>e.st-known re[>resenlativ<‘s. It occurs in 
the oil of caraway and tht.* oil of thyme, 'The terpmn^s, which 
arc hydrocarbons of tlu* formula Cj.JTjic "okI of wldch oil of 
turpentine is tlie best known, (a(>il\' oive n|> two hydrogen 
atoms and jicld eyna?ne. IVoliably the si]n[>lest way to [pre- 
pare cymene is to treat camphor with jihosplmrus pentasul- 
phide, zinc chloride, or jihospliorus pentoxide. 

It is a liquid of a phaisant odor. It boils at 17f>®, 
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^ It has been iTi^(h‘ synthetical!}" from para-broin -toluene and 
isopropyl liroiuide : — 

+ (all?]}!- + ^Na 
15r 


. <:,?;■ + 2Nanr, 


C'lL, 

(yi, 

which clearly sliows its relation to l>enzenc. As the final 
priHlnct of its oxidation, it yields para-plitlialic (tereplithalic) 
acid : — 

.('ir, 


Bce [). 248. 


• C'TI 



CHAPTER XV, 


DERIVATIVES OP THE HYDROCARBONS, OaHiM c, 
OF THE BENZENE SERIES. 

Re€.vllin(t whut we learned under the head of Derivatives of 
the Parathns, we naturally look fur repr<'Sentatlv<‘S of all the 
classes of eornpoiinds there nitd with. The derivatives of the 
parallins were classitiial int‘.» : — 

1, Halogen derivatives. 

2. Oxygen derivatives, including the Aicohois. Aldeliycles, 

Acids, etc. 

Sulphur derivatives, including the Mercaptans, Sulphonic 
Acids, etc. 

4 . Nitrogen derivatives, including Cyanides, Amines, Nitro com- 

}>oiinds, etc. 

5. Metallic derivatives. 

The derivatives of the fauizcne liydroear]>ons may he elassi- 
fied in the same way, ]>ut a (-liange in the order of consideration 
will be somewliat mure (*onvi‘uient in tliis e(Ujneetiun, owing 1*:> 
many points (.)f analogy which exist between the lialo^'en sub- 
stitution-produets, tlie nitro eumpounds, and tlie sulphonic 
acids. All of these tluve (-lasses of derivative's of the benzene 
hydrocarbons ive made ]>y dircf't treatment of the liydiocarbons 
with the substituting agents, jmd in some res|>eets rc'semble 
each other, so that they will be studied in connection. As 
the amido derivatives of this si'ries rue made almost exclusively 
from tlie nitro compounds by reduction, tluty will be taken up 
in connection witli the nitro com[K>unds ; and, further, by treat- 
ment of the amido eoinpounds with nitrous acid, a new class 
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^of nitrogen deri\totive3, kuo\vn us didzo roitfjxjimds^ not met 
with in connection with the [>aralf1ns, is lic^rmed. Tiiese will 
be tJihen up after the arnido compounds. 

After these classes have been studied, we shall talfe up in 
turn the oxyijen dencaftres^ which include the jdauiols or simple 
hydroxyl derivatives of the h^xlrocarhons, the aleohols, aide- 
liydes, ’aeids, and ketones; and, ilnally, the iKydroxyxicidH^ 
w'hich are strictly analogous to the hy<lroxy-acids of the paraflfin 
series. 

We liave thus tlio following classes : — 

1. JI(doy('u df'rimtu'f^s, o. Sul ylKHilc acids. I). ^4e^V/.s‘. 

2. Nitra compounds. h. Phenols. 1(1. Ketones (and 

An ddo compounds. 1. xilcohols. (Juinones). 

A.JJiazo compounds. 8 . Aldehydes- 11 . Jlydroxy-acids. 

The relations of most of these classes to the liydrocarbons 
ai’e the same as those of the corros])ouding derivatives of the 
parallln series to tlie paraHins ; and the general methods of 
preparation, as wadi as tin* rtaietions, are the same. Hence, 
most of tlie knowledge nefiuinal in the first part of the course 
may be apjdied to the S(‘ri(.*s now under consideration. 

An enormous number of derivativi's of tlie ben/auie hydrocar- 
bons hav(‘ be<n ]a'epared and studied: but we netal study only 
verv ft'W in ordi'r to acquire a geiuvral knowUalge (>f them. In 
tlu‘ following a few i>f the more important representatives of 
each chi«ss will be studic<], mainly with the object of illustrating 
general facts and general relations. 

IIaloocn Dkkivativks of Benzene. 

Vtu'\' littlf* iiotnl lie lu to thtj8o. tlorivutivos. I>y 

direct action t)f broiniitc or chlorine upon benzene tlie hydrogen 
atoms are rcplaeed one alter anollier, until, as the linal products, 
h.>^m-ehl(>r4wnzem'. C/ l.,. and Jh-xa-hn'm-b> )n(‘>u\ C^Bre, are ob- 
tained. It has already been sUitctl that, when the action takes 
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phu'e in direct sunlight, addition-pruductH, Ji»d OcIlfiHro* 

arc fonucd- Ilciuauic hckaeliloriilc, (’^11/ is foraicd also 
when (hlorine is eondutded into 1 »oiling ])enzenc. Tlie udd’tioti- 
products are reailily tlt‘eoinposcd, yielding tri-substitution prod- 
ueU of benzene and halogen acid : — 

C,H,Hre - + d IIBr. 

The substitution-products are \vi^^ stnbl(^ They are, as a 
rule, formed more t‘asily than the halogen derivatives of the 
|)arajHns, and. as a rule, they do not give uj) the halogens as 
readilv. Thus, whih^ it is possible in ih<^ |>ar.‘dlin diU'ivMtives 
to rejdace chlorine and bnunine by hydroxyl, the amido grou[), 
etc., tliese replacements cannot (‘usily be tdT(*cted in the )>enzenc 
derivatives. The halogens can be removed by sodium, us 
shown in the syntliesis of hydroearbuus : — 

CJI,Br + (11,1 + 2 Na. 

= (yr^.tdlj + NaBr + NaT, ete., etc. 

They can also be removed by nascent liydrogen, the liydro- 
earbous being regenerated: — 

C0II4CI, T 1 IT - C JT. + 2 IlCb 

This kind of nrverse substitution is not, however, elTected 
easily. 

l*( r]eips t!u‘ best known uf llu* di-substitution ja'oducts of tiki 
class under eoff>id<*ration is 

Dibrom-benzene, which is one <.>f the products of 

the direct tr(‘a/niK‘nt of benzene willi liroininc. Tliis lieing a 
di-Bubstitution j>ro«]uct of Ixmzcne, it folhnvs, from what haw 
been said in regai'l to isomerism in tliis grou|>, that three 
isomeric v aricties of the substam-e ought to be (^btainabh^ ; an<l 
the interesting question suggests itself: vvhicli one of the 
three possible dibrom-ben/>eni‘s is b>rmtMl liy dina.*t trt*atmeut of 
benzene wiili i>romiuc‘ ? answer to the qu<‘stion is equally 
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^ntercBting. 'Mul main product of the action is />ar«-dibrom- 
lienzeiu*, while thSre is ahvays formed in nrtich smaller quantity 
6f>mo of tlie ortho product. Tlui reason wliy tlu'se products 
are obtaima.l, and not tla^ meta com|)oiiiid, is unknown ; nor 
has any ^dausiblc hypothesis ]>een suggested to aeeoiiiit for the 
fact.^^^ 

In studviug tlio sulmtitution-products <>f bonzeiu*, om^ of the 
lirst prol)lemB whicli present themselves is tlu* determination 
of the relations wliieli tlie substituting atoms or groups bear 
to each <^ther. Tla^ determination is madt\ as lias been 
stated, ])y transforming the comj)ounds into otliers, the rela- 
tions of wliose groujjs are known. 1'lms. to illustrate, when 
benzeiH‘ is tnaitcMl uiuh r tin’ proper conditions with ]»romine, 
ttvo dibrom-benz<airs ar(‘ formed. AV'ithout investigation, we, 
of course, cannot bdl tr> whic'h series tliesi* ('uiiipounds hadong. 
But, ])y tn^ating tliat [vrodnet whieh is iVniia/d in largtn* quantity 
with methyl iodide and sodium, we get p>i ro-x>iJene. In other 
words, ]>y n.'plaeing tlie two Inoimnc atoms of tlie dihroin- 
benzene ]»y nudliyl groups, wt‘ get a et)nq>ound wliieh know 
belongs to th(‘ pant serifs ; and, therefore, we have detenuiiual 
that tile In'oinine [irodiiet is a pom rotupoainl . In llie follow- 
ing the ehief reactions made nsi' of fur elTecting the trans- 
formations of the dmivativi'S will be diseiissed. 


TIat.ookx l)KmvArivKs or ']"oia kne. 

As tohuMie is made up of, a residue of nmrsb gas. methyl, 
CITj, and a residue of benzene, phenyl, may naturally 

expect to find that it yields two classes of siibstitutiou-products : 
viz., (1) d'host' in which the suVistituting atom or group replaces 
one or nion^ livdrogen atoms of the jilnmvl group; and (2) those 
in whieh the sulistitution takes place in the methyl In gen- 
eral, when treated Avith chlorine or bromine in direct sunlight, 
or if boiling, toluene yields products of the second class ; while, 
when treated in the dark, or if cold, it yields products of the 
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first class. Thus, vre have the two jmrallfl scries of chlo- 
rine derivatives : — • 

t * 

I. II. 


C,Ii,( l X U:, 
C,H.CL.rH,. 


C^hX'UXl 

HCL. 

CJI,.CCl3. 


When a rneiniiv'r of the first elass is oxidized, the methyl is 
(.‘hanged, and tlie rest of the e()m|K:>iind remains iniehanged, 
as in the ease of t(4nene. Tliiis. the llrst sul»stauee of class 1. 
yields t he [irodnct ( V.! I *( I .( t ).,I I ; the second , ( ' J f .( }_> . ( ’( 111 , 
etc. Th(‘se products are ht h-^oic oc/VAsa On tiio 

other hand, all the nieiuhers of the second class yit‘]d tlie sanie 
pnKliud that toiia ne does; viz., //caro/c feaV/. Ihaiee, by 
treatment ^vith oxidizing agamts, it is easy to distinguish betwcam 
the members of the two (‘lasses. Furthcfa the Indogcm atoms 
contained in the inetlivl are not as firmly h(*ld in combination 
as those in tiu* [ila nvl. Wht*n, for exarnpha the eom[)onnd 
CV.lb, -Cllf b.. whif'h is called hap'ytl is trtaded with 

wati'i’, lioth clilorine atoms are replaced liy oxygen, tlie ]>i*odnot 
being the aldeliyde ( VJl^ d 1 K ). which, as we shall is the 
familiar sulhstancc. <>/7 hitter <//wo/cAn'. Whtai. liowever, the 
isomerit* iH ne ( Ha is heated with water, no 

cliange takes p];i('e. 

Regarding tlmsc sim[)lc snlistitulion-produets of tohume \vlii(‘h 
contain one halogtm alom in tlie plicnyl, such as inono-brom- 
toluene, Cyr,Br.A}I,,. we S(*e that they arc di-substitution tirofb 
nets of benz< n(‘^ and henc'e ca]»al)h* of (‘xisting in tlircc* isomeric 
varieti(*.s, ortho. nndJi. and jaira. Th(‘ tirodiuds formed by 
direct treatment of toluene wntli clilorine or l>romin(} are mixtures 
(‘onsisting nostly of the j>,ara comjxmnd, together with a much 
emaller quantity of the ortho oom]>ound. 

The determination of the series to w hich one of these pnxlucts 

belongs can be made by replacing the ijalogeu by methyl, and 
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yuis gotting 11‘<‘ <V)rr(‘Hj>oji<li»^ x vlene. Ilje nmin product of 
the Motion of Itroirijic on tohnnic is tlius or>nverted into para- 
xjMene, and is tluu'ofore {>MrM“))roni-tolnene. 

Hai AXIKN i)[;iUVA n VKS OK THE lIlOIIEli MeMIVEUS OF 
THE Benzene Sehies. 

» 

Concerning the hMlo<ri‘ii derivatives of xylene, it need only l)e 
said tlnit llu^ on]\' one <>f the three xvhaies from which pure 
products can (‘asily ht* ohtaintal is para-xylemE When this is 
treated witli bromine it yields but one inoMO-l)j*oTn-xy]ene. The 
sio'iiiiieance this fact lias Ixam diseiisserl aiiove. The mono- 
snlistitution products obtained from tiu' other xylenes are 
mvN lines which it is vi'ry dillicnlt, and in some eas<‘s impos- < 
sible. to separate into their constvtmmts. Mesityhme and 
|)S(m<locumciu', tlioni»h both ar(‘ tri-metiiyl-benzenes. eondiM't 
tiuuiiselves quite diffm'imtly towards bromine, — tlu‘ former yield- 
ing; only one mono-bromine produet ; tlie latter, a mixture of 
several. 

Nrruo C<>Mt*ot XT>s of Benzene and Toia enk. 

In .sj»eaking; of nitrt> comjioimds in t oniua'tion with tlio ])araf- 
tln dm’ivatives (see p. staled tliat they are obtained 

mue)i more n*adily from the benzene liNalroeari'oiis than from 
tlu‘ parailins. But few nitro derivativ(‘S of the |>a ratlins are 
known. As will be reimmilxavd, th<‘V eaunot be javpared by 
treating: 41ie paratMns with nitrie anid, but must be made by 
eireuitouH reax-tions, thi' t>rinei|)al one being ilie treatineut of 
the halogen derivatives with silver nitrite : — 

■» 

CTI,Bt + AgNCb == CdC(N(b) ■+• AgBr. 

* Xili'o-t’lbane. 

The pre|)aration of a nitro dtxrivative of a hydrocarbon of 
the benzmnx scries is a simple matter. It is only necessary to 
bring the hydroearbon in contact with strong nitric acid, when 
rea<‘tiou takes place, and one or more hydrogen atoms of the 
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hydro(;iirb<>n are re[)l:u’0(l by the nitro group as represented 
in the equations. — ■ j 

( V,1 1, + 1 1 NO, - < '«! f., . N'( >2 + I I 2 O ; • 

CVIb.Ntb 4- UNO, (',Il,(N‘b). + 1M>; 

C'«nt< + MN<>! = + ILO. 

" (II, (41, 

The nitro t'oinjiooiKls thus ohtaiuiMl :ire not ncids, nor are 
they ethereul s:ilts of nitrous aeiiL as tlie fonnulas nii<j:ht lead 
us to su})|iose. 'ria* most rational view is. that they ari' 
formed fioin nitric acid hy the sidislitution of radicals for 
* hydroxylt as indicated thus: — 

(’IfJH + mi/m + ILO. 

Mononitro-benzene, C,.H, .NO.. — 'This sul>stance is made 
l)y Inaitiiez h<*nzciU' with concirntrated nitric acid, or with a 
mixture of ordinary conccntrat(*(l nitre/ apd sulj>iiuric aciils. 
In the latter case. th(‘ sulphuric ai*id fa(‘ililat(‘s the reaction^ 
[iroliahly hy |)re\-cntiu^ the dilution of the nitric acid by tlie 
water necessarily foriiii'd. 

Kxperlment 08. M.-ikc a inlxturo of ordinary conrimtrated 

snlphiiric acid, and ordinary c<*n(*(‘ntratrd nit nc acid. Let it <'0^d 
to tlio ordinal’} tcnipcratan*. Put tin* vesstd conlaiMinir U in watta', 
and add abr»nt irc to 20^'’ ixai/cnc, a few <lroj>s at a tinn‘, vvifitinj^ cacli 
time until tin* reaction is complete. Shak«^ well until the benzene is 
dissolved; tlnai |>onr slowly intoaboiit a litre of cold vvatc'r, A yellow 
oil will sink to tFic bottom. 'Fids is nitro-benzene. Pour off tlie acid 
and water: wasli two or three times with water ; separate the water 
by means of a pipette, and dry l>y addin;Lr a little ;:rrannlat<‘d ealeinm 
chloride. After slandirjL^ for sonn* time, pour otF from the calcium 
chloride, and distil from a proper sized distilllug-bulb, noting the 
boiling temperature. 

Nitro-benzene is a liquid which boils at 205*, and has the 
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gnuity 3x2. It8 odov is liko that of tlio oil of bitter 
ubnoiuis, an<l it ^s hence iu maiiy yases infiteaci of the 

latter. It is known as tlie <'.s*Ne/,/.*c of 'ffi:irh<tne. It is iiianufac'' 
tilled on the large scalia an<l nsial |)rin( i}>ally in the pre^iaration 
of aniline, 

Dinijbro-benzene, C,H;(NO,);. ~ Tfiis is a product nf the 
1 Hi ther action ot nitric aenl on hriizenic or on nitro-laaiztme. 

Kxperiinent HD. Make a niivture of .Kr*' coactait rated .sulphuric 
acid, and Oo/c'ay iiilric acid. Wiilcaif coolinir add vrn/ shorltj 
aljoiit l(c<' i>rn/en*- from a |)ij><-ile ^viH^ a line oja nin^'. After tlic 
action is ov<>r, i>oii Uic mixture for a sliort time; tiien pour into about 
hall a liti’i^ of wateix l- illcr oil' tie* sol!<l >ul»s{ama,' tims preadpitated, 
press it Ix'twcam layers of lilou' j)a|)er, and ery>laUiz** from alcoliol. 

• I)initi’o-b(‘n/aaie (Mvstalli/a^s in long, line needles, or thin, 
rhombic plates. Midting-])oint, 

liy nnaans of two reactions, wliieh will be described under 
the Iiead of Dinzo ('oinpounds. it is a simple matter to replaee 
tlu* two nifro gron|>s by bromimy thus eoina rting dinitro-ben- 
zene into dihrom-lKUizene. When lie* lattci* is convi'iled into* 
xvlene, the t)roduet is meta-xylene, lienee, ordinary <linitro> 
benzene is a nieta compound. 


Nitro-toluenes, C.HdNO/l.CH;. — Wlien toluene is treated 
witb strong niti'x* ;icid. substitution always takes |»lace in the 
pln'iiyb The cliicf mono-nitt'o-tolumic is a para com[)oimd ; 
while, at tlu‘ s:nm' time, a little of the isomeric ortlio cotnpoimd 
is olitained. 

Note eoi; Sm^EXT. — What mono-bromine products are formed 
lyv direct treatment of toluene witli lu’oininer Given n inono-nitro- 
toluone, le^w Is it possible to determine wliether it belongs to the 
ortho, the met a, or the ])ara series? 

By treatment with nascent hydrogen, the nitro-toluenes are 
converted into the corresponding ainido compounds, called 
Tohddine.'^ (which see) . 
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AMti>u Vimvoi’sm ov Bk\zi-:m:/ 

/ ^ 

Tho tuiiido ilerivnuvivs <»f the parallifus are Made, lor the most 
jetrt, hy treatiiiu the haloixeM di'rivntives with .‘unmoniu : — ' 

(VH-Ih f Nfl, cr: (;J1,.NIL 4- IlBr. 

iij speaking of tiiese dt'riv:itiv(‘s. Iiowevcr. atltaition wips called 
to the fact that tiiev can alst) }>e made by frtaitiiig nitro (*oin- 
pounds with na>vH‘iit hydrogen. 'I'lu* lattiu’ inethotl is one of 
great importurua* in tie- t)t‘nzene sta’i<‘s. It is us(m 1 (*xchisively 
in the [fri^paration of llu* ainido <haivatives of the* benzene 
]ivd!o(arlw>n>. SeNcral of derivafives are well known, 

the siin[)Iest and }>est know n b*‘ing o or (Oo7//e;. 

Aniline, CuH-Ns — Aniline wms first obtained 

from indigo by di>ti!lation. Je/V is |j)e Portugnest' and Frenelj 
name of the indigo j.lant. and it is from this that tlie name 
aniline is derived. Aniline i> found in coal tar and in bone t)i], 
a [U'oduet of the distillation of Ifones. It is j)ri‘pared lty r(‘- 
• duetion of nitro-hen/ene with nase(‘nt hydrogen. On the large 
scale the liydrogen is olitained fimn hydrochloric acid and iron. 
For laboratory jairposes tin and fiydroehlorie acid are {>erhaj>8 
best. Other rt'diieing aLrvnls, sueh as an amnH>niacal solution 
of ammonium sulp!ti<]e- hydri«>die aeid, eto., t\ho etlVet the 
change, which is I'epresenti-d l)y the following e(juatir>n : — 

CeH,,N(b f hll .. ( Jf,. MI -f 2 IU). 

Kxperimeiif 00/< Arrange a litre flask with a stopper and a straight 
glass tnbe from two to three feet long. Put in the thisk grann- 
hiterl lift ami ahof/t -tOO'" ordijiary eom-ent rated hydrochloric acid. No\v 
add ^linrhj 50*^ nilro-hen/enc. After th(‘ action is over, add enongh 
water to dissolve the conietUs of Mn^ thmk. then add sodinrn hy<lroxide 
tnuil the pn cipitate first formed is nearly all dissolved. Distil, when 
aniline ami water will pass over. Sepanite as in the case of hroin* 
ethane (see p. <‘10). 

Aniline is a colorless liquid which rapidly becomes colored in 
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the air. It boils at It solidifies at a low temperature ; 

easily solul)ie ill aleohoK hut sliglitly solylile iu water. The 
s(;lntiou in water has only a very sli^iit alkaline reaction. 

p 

Kxperinient (M. 'fo an aqueous solut ion of a little of the; aniline 
o))tMiii('<| in Kxp.^dO, In a test-tulu-. a<M a tlller<Hl -oJuti(Ui of l^leaeli- 
hit;’ powfler i^eaU’ium liyi>o('ljiorite). A ])eaurn'ul purple (“olor is pro- 
duced. • 

To a solution of atiiliue in eoiicrnt rat e<l ,'vii!p]niri(‘ acid add a few 
i*ops of an aqijeous .noIuI ion of ])c*lassiuin fuchroniatre A blue color 
is produced. 

AniliiK' Ix'ars to henzene llu'. <aine i el:}ti<M] that ( thy 1 -a mine 
or aniido-fdliane laeirs lo (dhane. It \< a snhst itiir(‘d aimnonia, 
an<b like ollnq* bodies of tlu' same <‘lass, it unites directly with 
.•i^ids. formiiiit sails. 'Thus, with }iy<lroehl<>rie. nitric, and 
sulyhurie nei<ls tlie action tak('s pjjKM- a^ represented Itelow: — 

4 IK 1 - s \\;)(:\ ; 

T HNO, (( , 11 . NMaNO.; 

(\dl,. ML 4- n.S(b (J!,. Mid I so,. 

The deeonitK>sitif>n of aniline hydroehloiide by rnean.s of 
a eaustie alkali takes pla<‘e as represented in the followine 
equation : — 

C4FI,.Nn.('l T KOll n.: ( ,IT,.Nn, 4 H.O 4- KC L 

* Amon^ the niOvSt intmacsting eliangos whieh can be effeeteil in 
aniline is that wliieh takt's plaei' wlnai it is ti’eated whii nitrons 
acid (see Diazo ( oinponnds, ludow). 


Notk r'Oii S rrni.N r. — What ehauae is usually ettected in amido 


compounds by treating them with nitrous acid? 
Toluidines, amido-toluenes, C,.H, 


.NH, 

CH, 


The tolui- 


WXJ.;' 

dines, of whieh there are tliret' eorresiionding lo the Ihvet* nitro- 
toluenes, are made from the latter in the same way that aniline 
is made from nitro-benzene. As /Ktrn-afD-o-ro/ae/n.' is the best 



264 


DERIVATIVES OF THE BENZENE 8ERTE8. 


known of th<‘ llireo nitro-toliioues, ho para- 
known of the thron lolnidiuos. 

The propertie.'i of the tolnidhuvs tiro much like those of aniliri^ 

l're:u\‘<l svilh \ .-u ious oxifii/.iiej: aueuts. a mixture ot* aniline 
aial tile loluidiites is eonverli'd info *i comjionnd knonn tis 
r isu This is the inothei' snh;>(anee of (he larn'e erouji of 
eoinpoands known as the (niilhir (l>{4s, IJ(‘s;miliiu‘ and its de- 
rivatives, the aniline iiyes, will he tretiteel under Tri-phnafl^ 
)nethanr (whi<*]i see). 

]\\ nitrous aeid the- toluidines are (ransfonned in the same 
way that aniline is (ser- I hti/o < oinpouiHls) . 

The xylidines himr ilu' thrra- xylenes tli.' same rt'lalion 
riiat aniline' hears to h(‘nzene. It i> not a. simple matter tt> ^et 
any one of the'm in jane condition. ♦ 

i)r\/o ( '<)\fi><>iM»s or l>i:\/.KNi:. i;to. 

The usual action of nitrous arid on amido eomponnds is 
vepreselOed h\ th^. cijuation. 

R.ML o- nX(n K.olf f lU) -f N,. 

When an amifio d« a ir aiive of a h\ d?'oearl>on of th(‘ iM'nzi'in^ 
series is treated with nitrous a<a<h and eertain )U‘e(‘.‘int ioiC' are 
taken, a jU'oduet Is obtained which <'<.mtains two nitrtiuO'U 
aloms, nml whi(']! i^. ther« fore. calk'd :i (litaji <'*anpnu 

Thus, in the <*ase of aniline .-.nljihate*, tie' action is represenh'd 
l>y tlie e<piation. — « 

p lIX(k : (‘;iTX,.IiS(), 4- ojU). 

So, also, w ill) tlie nitrate \ve have, — 

carxir Hxo, + nxo, -- carxx.x'o, + 211/). 

Aniline nitralt;. 1 >i.»/o.l)<‘nz<-ru' nitrato. 

From these salts the diazo-l>enzeiitj itself can he set free by 
means of acetic acid. It has been found to hare the fonmila 




DIAZO Ct)MrM>tTNI)S OV BENZKNE, ETC 


265 


% 


. 'rjiis compound is, however, very unstable, and 
is at onee deconij)|)sed. 

Kx[M‘riinexit 62. Arrunj^t* an apparatus as shown in Fii?. 14. In 
llfisk A )Hit arsi'uie trioxide (ahoni. and tlinanrh tin* iinuiel-tul)e 

pour 10" to 50 '^ ordinary nitric acid (s[). j^r, />' is an empty 

eylindcr.surnMindcd by water. Iti place <>f the two siiuiU llasks repre- 
senttai in the llirure one te,st-tul)e of about 50^^^^ ca)>acjt v may be used, 
and in it sliould be brought lO- aniline nitrate, and 12"' ice-cold water. 



Kij:. U. 


'Hiis is placed in irr ir,rh r. i\'i>s a current of the ox^les of nitrogen 
until tile material in tlie mix' dissolves. Add ti> tlu‘ solution about 
an euual votuuu' of .‘dctdiol f»rev ion'll} cvxdcd to 0 , aiul then a little 
eold ellier. If the <*p('ration )ia> ix-t u siu'ee'^sful, a eopiou.s preci{)itate 
('f (‘rystals of (t* irit kc ittimh \^ ill appeal’. filter <>tl with the 

aid <d' a snet ion-pump. aud. •fotht-ut (h litij. jirocei'd to study the proper- 
ties of the eoiu}»ou ud. 

(a) DissuUu! a little in water of tlie ordinary temiierature. and allow 
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tlH‘ solntioii to stand, Docninposiiion^ indicattMl #>y change of color^ 
will take place. ^ | 

(h) Boil a litrir with water in a test-tube, and notice the (Kjor #f 
phenol ilV carleilie acid. 

(*•) Boil a few iri'ams whh aleoljoi in a test-tube, and n()(i(‘e tin* (*ase 
with whieh the deevnn(><i>iti(Mi take^ place, 'fhe ehiol^product is ethy!- 
phenyl eiher or i)henei(>}. ( ’,d I . . t > ^ 

QT) Boil sonic with hydrochloric acid. Chlor-benzene Is formed, 
which sinks to the Ix^tfom wUeti water is added. 

In all tlnwe e\periin<'in> a uas is evolvtnl whieh ean In;; shown to bo 
nitro^cai. Colleet sonn% and show that it does not sn{»port combustloa. 

(f) Place a \ eiy litt le «>{' tlu^ eoinnoniHb dried l>y pressing In liiter- 
iniper, on an anvil, and strike it shurj)ly with a liainmer. It e.V(dodos. 

The :d)o\e expert] non serve* to ifulicate llnl instalniity of 
diazo-benzene nitrate, ddiis stiriie instability is eharaetei'lstrtc^ 
of all diu./e) eoin{)otin<]s, atid it Is tlti* ease with wdiieh titey 
undej'p) a variety of eltaui.’es that makes lln'in so valuable. 
Tlie |>rinei])a] ebaiiLtes are ; — 

1. 'Diat iruistrated in Kxp. bed (h)s wliieh is broiiojit about 
by boiling witli water. The action is re|>reseiite(l thus: — 

NO 3 + 11,0 rr. cjr,. on 4 * x, + n no,. 

\'\umA. 

2, '{'hat illustrated hi Kxp. b'J (<*), whieh is (UTeeted by ImuT 
fng with aieoboj : - — 

C^H^N. . NO, + C J I, , OI 1 - f J I , . ( ) . Cd I, + X, + H X( b. ^ 

Tliut idTuelcd iiy liydnx hlitric ucid :is illastt:it<-(l*'in Ex[i. 

62 id) : -- * 

(VU,X>N<e + nei - e,ir,('i + n, 4 - UNO,. 

MorH,>-t.blor lu nzf'ia*. 

C'hange.s siniilar to tlie last mi<* i*ff<*et<*d l>y hydrohromie and 
hvdriodic acids. t!ie chief products beiiJg brom-beuzenc and 
i wl o-benzene res[>eeti vely . 

From the above it follows tlnit, if we have*, a eornpoviud con- 
taining a nitro groutp we can, by making the diazo compound, 
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ti'ansform it (1) into the oorresj>on(ii ng hydroxyl derivative; 
(2) into tlie corrjs[)onding chlorine, hroinwie, or iodine derivu- 
twe ^ or, ( M) we can make ethers containing such groups as 
( FT^O, etc. I'hese reactions involving the ns(^ of the 
diiizo compounds liave been used very (‘\t(‘nsively in tlie inves- 
tigation of the substitution-products of the benzene series. 

Norn Fon Sti'dknt. — How can tJtf n-ladon of Hu* groups in di- 
nil rod)i'n/on<' hu drlciiuiiu/d l)y using (iiu diazo laiadious'r 

As regards tlu‘ relation of diazo-lu nzeiu' b* bcn/anu*, it seems 
elear, from tl)e rea<dions abort' et)nsidfrtul. tliat in it Hie plienyl 
grou[) (’ 41.5 i'^ ])resent, ami that this is in eond)ination with two 
nitrogim atoms. In tin; eoni})uunds, tin* two atoms tjf nitrogen 
b^rni tlie eonmu-ting link bctutHMi the }dicnyl group and the 
otlu'i* eoustituent, as extiressed in tlie foriiiulas 

C4l5-N2-N(>„ 

etc. 

Th(‘ dt.*(‘oinpositU>ns all imlioate llu* eoiTt'eliU'ss of this view. 
How the nitrogen atoms are uiiiUab we do not know. 

Srij’HttNrt' A( ii>s of Hfnzfnk, ft(’. 

^ 'Che iiudhods of [)re[)aration <*f tlu* sniphonie achls, and the 
relati«)ns of tlit'so acids to the hvdroearbons, wore diseiissed 
pretty iVilly, in eonneelion with the parailins. Three general 
methods for tlieir tnvparation were gi\eii. Tiivse are : — 

j. Oxidation of the mereapt.ans ; tlms, (dlnd-sulplionie aeid 
is formed by oxirlatiou of i‘thybmereat>taiu — 

CUI^.Sll 4- 3 0 04 b. SO. 11. 

2. Treatment of a halogen snbslit utiou-prodiict with a sul- 
|)hite, — 

+ Na,SO, : (’Jl,.S(bXa 4- NaBr. 
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3. Trt'atmont of ii hydroetirhon with siilpjmrlc noid. This^ 
nietluxl is lu^i n[)pli<*ahlo to tlu* }nf. is tlie one iistHl 

•ihiiost <*\('lnsiM*ly in the ease of (lie iKnizene hydrocarWm^. 
Benzene-*ulj>honie neid is formed thus: — 

cyi, -f iLso, -f Hi), 

* 

Toluene-sulphonie aeid is formed Ihus: — 

CeII,.(lI« + I [.SO, .. 

The reasons for retrardinir the snlphonie aeids as sulphuric 
acid in wliieh hydroxyl i^ r(*pla<H‘d l»y radicals, were t!;ivcn on 
p. 7t’* ; and the stiulent is advised carefully to le-read what 
is there said. 

» 

Benzene-sulphonic acid, aHSo/ S'? ' SO. )• — ’U>is 

aeid is jnade t>y treating* ))en/>ene wdth siil|>hiirie acid. Simi- 
larly, and more easily, /te sNjj/hn/ur ( . vS( hH, is 

made from lohiene. • 

Kxperlincfit Jn a {la>k lu’iinr (oi^elht'r alxnU eii''’ toluene and 

100^ eoneentraled suitdmric aeid {(U'diriary ). H(!at, <ui a vvaterd)alh 
and shake until iim>t of tljc tohume i> dissolved, I'our the contents 
of the flask into a lar’^e evaporating: disfi of at least s^ to Kf capacity, 
contairun^ to r>’ water. float. ceutl>y jutd add j^radually, stirriniji 
meanwhile, y/;o /y -;>/-< chalk, until tlaj solution ha.s hecoine neic 
tral, Pass throui^li a nmsliii lilter attached to a wooden frittiuc ainl 
wash thoroiii^lily \^th hot water. Afterwanls refllU r the tilt rate 
lltroifirh a ptiper tiller. K^a,f^or^Ue to (piite a small volume (say uOir** 
to TOO''), arnl flUdU* from iryp^'U)!!, in srjltition there is now the eal- 
eiuin salt of the sn]r>lmnie aeid. ,\dd just enough of a .solution of 
sodium carbonate to preeiiutate exactly ttn; cal<‘iuia; filter ofl' from 
tlie ealeUiiii cifbonale. and evaptu’ate to drynos, linall y, on the water- 
bath, To prevent caking it is iien\ssarv to .stir the thick, syrupy niM.ss, 
Wlien It i.s nearly dry, it is lavst to powder it, and eonjplcte the drying 
at 10(P to in att air-bath. Tlu^ .sodium salt can be used for a 
immber of experiments. 



TOLTJEN E-SULFHONIC ACID, 


260 


% 

^Kxporiiiieiit 04. Un a dry t?vaj>orjUhii^ dish mix 20^^ <>f 

sodium tolmMK'-.sid[>lu^nMl.e witii 2r>.i of phosphorus {)cuta-(‘hiorj(ie. hy 
meiwis of a dry pr‘srh‘. Thv mass bocoiiu's seiui-litiuifl and hot, and 
hvilrorhloric acid is ujivcn olf, in constMjUcnco of llic action f)f the 
moistnn* of the air on the (diloridcs of pho.s[jhorns. Hence, the experi- 
m<*nl shonkl l}c i)e^To.nne<i under a hood or out of doors. Tlie reaction 

wiiieU liikes ])la(‘e is I'cpresi'nttMl i^y tlie cfjuation. — 

• • 

CTHT-SthONa f I’Ch (.'tIIt.SOoCI e IhX'U-i XaCL 

After the action is over, and the mass cooled down to the ordinary 
temiJcratnre, add about a litre of cold water. Everythiiujt will dissolve 
exc(tpt the sul|)hon-c]i]oridc, (hll-.SO^Cl, which will remain as a heavy 
oil at the hottom of the vessel. Tour off the water, add a))oiU of 

strouL!: ammonia, and let staiid. Tlie chloride will tims be converted 
into the correspond in, suljdion-amide. thn.s : — 

• C,lE.S()/d h 2NIE (\H,.S(hNII,-f 

Aftef cooling, filb-r otTthc siilphon-amido ; wtesb well with cold water, 
and crystallize from water. 

XoTK I'Oii S rrof.NT. — Uefer back to what \vas said regarding the 
acid chlorides and acid amides, paying partiimlar atleiition to the 

general metliods of preparation and their decompositions. 

• 

Experiment 05. Mix 20' potassium cyanide witli an eipial weight 
of dry potassium tolu(‘nc-r.ul}>honate. and distil from a small retort. 
The distillate is impure tolyl cyanide, (\IE.CX ; — 

T-H- 

• ' ':> SO. h KCX CTL. CN { K.SO,. 

, KO , . ■ . . 

Put the tolyl eyanii!e in a llask of to lOtr'* capacity, and add a inix- 
tun* of htr Avaler and ir.o-' ordinary camcentrated sul}diuric acid. Heat 
on a satid-liatli until the toluie arid bi'gins to appear it (lie form of hne, 
wldte needles in tin* neck of the ltti*^k. On cooling, tlie acid will erys- 
tuUize out. Pour olf (he liijuid. and wasli with coiTl water. Now 
crystallize tlie acid onci* or Jxvice from watt^r. \Vh(*ii jmre, para- 
tolnic acid melts at 177'h The reaction is represented by the fol- 
lowing cc| nation — 

Cjll, .CX 0 2 ILO (UP .CO.ir -f XH,. 

Beuzene-sulplioaic acid itself is a very easily soluble sub- 
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ytaiice. It is a strong aeul, uiul yields a * 8(‘rios of Halts and 
other derivatives. * j 

When fiLSi'd with |»otassinni hydroxide, benzene«sul^)hcnuc 
acid is eonverieti iuto plu^nol (Exp. Of*, j). *271?) : — 

C,lI,.SO;K + KOII -- + 4v,S(>,, 

Hy fnrtl\i‘r treatment of ]K‘n/ene with fuming siiIj>iMric acid 
a benzene-disulphunie aei«l is formed, 'fliis is (aijtablc of (he 
same transformations as (in*, mono-'Sul[)honie aei<l. 

Noth i nti S i c okn r. -- b.y winit reaction could InTi/aTie-disiiljdionie 
acid, be transfoiTUcd hdo I he C()rnv>>pondlnir dir'arhonit' acidd \dl,(( d 
Sn]>})ose the {e'oduct, ohtained swre uuda-plitlialic acid, wliat. eonelusion 
could l.u.‘ dntu'ii witli reh'renee to tie; reiatioii of the two groups, 

Scfll. in the di>ult)h‘iiiie aeiil? 


d.s. iUi llvnuoxvn A'n\ r.s or Hcx/iai:, 

'I'he hydroxyl derivatives of the [)ara(iins are ea]h*d iih'nhxth. 
As will ]>e rtmu*ml>ere«l they art* of three kinds, luieh <‘f which 
is eliararderized ])y e('rtain |>rt)pei ties. M'hese are: — 

1. Prhurnj uh'ohoh of wliieh ordinary ethyl uieoliol is the 
eommonest example, and whii li, when oxhli/.ed, yield aldeltydes 
and then armls e<mtaining the same mimluT' of earlM>n ntoniB. 

2. N’ceo/n/o/’v o/co/e>/sT which by oxidation yield acetones and 
tlten acids containing a smalh/r mnnber of carbon atoms. 

M. T( liinrt) vvbic'li i>v oxidation yield tieilher able- 

Itydes nor a(‘ctoncs, but break down at once, yielding acids 
with a sinal](*r numbt*r (d‘ carbon atoms. • 

The primarv# alcohols were shown to correspond to the 

(fi. ill 

formula ^ i ? Ihe secondary to C -j ; and the Imliary to 

r ^ no •' HO 

(’ j ; or, in othta* words, the primary aleoholB contain the 
^ fb ) 

group Cn^.OII; the secondary, the group CII.OII; and the 
tertiary, tlie group €.01 1, 
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^ Now, the sirnpl ^st liydroxyl d<*riv;itivc of tlui members of 
the benzene weric’s |s plumol, ('clf. .Oil, or benzene in wliieli one 
iiyclrcj^en is rej)liieed ])y hydroxyl. Representing this (;onn 
[>oand iii Rnias of the accepted benzene Jiy pothesis, we have 
the formula 

OH 

1 i 

HC: CH 

II 

According to this, pJienol n}>pear.s to be allied to the tertiary 
nlia)ho]s, as it contains the group O.OII. and not ( FT/)!! nor 
(‘H .Oil. AVe shall .sea* tliat. in facd, ])]a‘nol iM)nducts itself 
towards oxidizing agents like tin; tertiary alcoliols;. 

All compounds whicli contain l)ydroxyl in the place of the 
benzenohydrogen atoms of benzene and its homologues arc 
called pltmoh. As in the ease of alcohols, tliero are phenols 
containing one hydroxyl, or nun^-and phcaohs : thos<^ containing 
two liydroxyls, or d(-a<'l<l ; thus<* containing three hy- 

droxyls, or trl-acid phenols^ etc. Some of tliese are familiar 
sub.stanccs, 

IMoX- Af’lO PfiCXOLS. 

• Phenol, carbolic acid, aH,0( C.HoOHb --- Piienol is 
found injiatiire in small <[n;uitities in tlic urine. It is formed 
by the di.stillation of wootb coal, and bones.^ lienee, it is a 
constituent of coal btr, and freun this it is [)rct>ared. For this 
purpose the huirf/ oil (see p. 2‘Ul) is trcatctl •with an alkali 
which dissolves the pluaioi. From tlu^ solution it is precipitated 
l>y hydrochloric atnd. it is purifual by distillation. 

Phenol can also be made by converting nitro-benzene into 
aniline ; then into diazu-benzoiux and boiling this with Avater 
(see Kx|>. (12 (6)) ; and l»y melting beuzene-sulphonie acid 
with potassium hythoxide. 
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Experiment 00. In h silver (ur iron) enicible, or evaporatinjj: dish, 
uielt 4l¥ tA> r>(>? |H)lassimji hf iiroxido, rtOer inldiiv^ u few taibie eenii- 
inetres of water. Now adil trnulually Id- tinely powch'red sod^imi 
odnene sulphoniiie. o]»ta}ae<l in Exp. stirriiiLf eonsfantly with a silver 
or iron) spatula, Do not Inait to a ^ erv IulcIi lein]>erat tin*. x\fter tlie 
nuisN has l)een kept in a state of fusion fi*r ojte tjnnrlpr to on«'-!»alf an 
hour, let it e<'(d. Dissolv*' in ‘itlo*'' to 2r»0‘'^* water, and acidify with 
hydroehlorit: arid. X^uiet^ the odor of the ttases ;Lxiven otf. \V!iiit tjas 
do yon detect ? Wlieii the Ihjuid has (*ooled tlown, ext fact w itii etlu-r 
in a i;lass-<fopp»'red eylitHlei*. From the eilu r (extract di>til tlie ether 
on a water-)»atli. 'rie* r»‘^i«lne Is impure eresnl : p. Phenol ean 

be deteett'd by tie- fidleovinir reaetjon>. for whitdi a solutit>n in water 
slionld be prepared : — 

(o) A few drops of feriie. ciil<»ride solutkni gives a beuutifnl Idue 
color. 

(h) .\tld one-fourth %oiunie of ammonia, aiid tlien a few <irops of 
a dilute sohnion of l)lfa,(“hinir powder. A blue eohor is pr'chieed. 

- e) Bromine w ater gtve> a yellow ivlew hite precipitate of tri-brom- 
jdienoh 

'rhe reaction wlii«*h takes place in nudting pota>sinin hydrox- 
ide and [><)ta>.''i tun lu.'n/a'nc-stdphunatc togctlier is represiuitod 
hy the ctjuatioii. — 

(VlT^.SiEK f Kon (hlk.on + lv,S(E. 

It elTeets the replacetnent of iJie sulphci groujn iStKII, hv 
hvdroxyl. *. 

Dhenol, wluui ptire, erystalli/.es iti heaiitiftil eol(U'h‘ss rhoniltit' 
needles. T’he pre^enm* <»f a little water prtw cuts it iVotn solird- 
fving. It Itas a p<'(ailiat\ pi'tHtj'ating odor: boils at is 

ilidi<ai]tly sohibh* in water (I part in Id parts water at ordinat'V 
ttnn|>erature) : nfix(/s with aicohoi and etlau’ in all pru[)ortions ; 
and is [xoisonot.s. 

Phenol forms eom|»omuls with several meUils. Among these 
may la* mentioned the foliowittg: — 

Potassitan plu'iff/hrh^ )Iv, made l»y dissolving potassium 

in phenol, and by treating ])lumo] with euustie {lotasli. 

Barium ph uolatp, ((\;II.d))2l>a + - IPO, made by dissolving 
phenol in baryta water. 
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Lead oxide phenol, CbIIcO. PbO, made by dissolving lead 
^Ixide in phenol. , 

Jt also fonuH f-tliors, of which the metliyl and diphenyl 
ethers may serve as exfim{>les : — * 


Methyl-phenyl ether, C:H.Oj^ . — This sub- 

stanccN also called miisoL is olitained from anisic acid (methoxy- 
benzoic acid) ]>y l>oiling with baryta water. It is made also by 
treating potassium phenolate, (^Fl-OK, with methyl iodide: — 

Qlb/IK + (11. 1 ^ ''*'' >() + KI. 

CH,.. ' 

It is a liquid of a i»lea.sant odor. 

*Noin roK S rvnr.M. — ('onipare this snhstanee with ordinarn Hhor. 
VVhst Miclliod analt)irf>us to that a)x>vt’ jnentioiied can be used in the 
preparation of ordinary ether? 

Diphenyl ether, C,:H,uO^ - > — Tliis bears to 

phenol the same relation that ordinary ether bears to alcohol. 

With acids, phenol, like llie alcohols, yields etluTeal salts in 
which the phenyl groiq>, (VJb, takes the place of a metal. 
Among the eompound.s of this elas?^ whi(di phenol forms with 
organic acidit, the fr»ll<‘wing may be mentioned : — 

•Phenyl acetate, C.H O ( CH .CO .aH; .— I his is formed 
l)y Ireati^ig' jihenol with aiadyl (ddoiide. 

No'I'k fok Sri nnxT “What iis<' is a<Mdy] (dilorifle put to as a ro- 
at^iuit in ovixanie eheinistry? Explain its nso. What e(niclusion can 
be drawn from tVie fad that acetyl chloride acts npon plienol, replacing 
one hydrogen by acetyl, C.ll-i^t? 

Sithsfifufioii-prrftJurfs of phpnol. Phenol is yery susceptible 
to the action of yarious reagents, and a large number of substi- 
tutlon-products have been made from it. 

Bromine acts upon it readily. If, for example, bromine water 
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is adtle<l to ii water solution of phenol tri-broiii-pheuol is formed 
and precipitated, , 

Dilute nitric acid acts upon plienoK yielding two uiono-nilro-^ 

phenols, fVdti ] which has l»een shown to iHdong to 

tlie ortho series, the otlua* to the ])ara ser ies. 

E.v|K‘riuH»tit nr. A(M ‘JUS plK*iu»l lo a mixture of 80^^* »ater aiui 
■Ui-'-' ordiH;u'v eonceutraieti uitrio nei(i (sp. jj:r. Stir, and, after a 

time, pour vUrtle- diiute a<id from t}u‘ oii. Wasli witii water, and then 
put it Into a ilask, with ahout a litre of water, arraug<s1 as shown in 
Fig. 15. Flask .1 liolds nothinu but water: while the oil, together with 



Fii?. K». 


water, are in /h f rom A a <*urrei)t of steam is passed into /h vvhieh 
is heated l).v means of a lamp. Yellow crystals pass o\cr “ml appear 
in the receiver, while a nou-volatihf substance: remains behind in tlask 
B. Tlie volatile suhstauce is urtlio-nitro-phenol : the nomvolatUe is 
paraunfrophemvd, 

Tri-nitro-phenol, picric acid, Q;H,N Or(^ - 
This is formed very i ixsily by the uction of strong nitric acid on 
phenol. 

Experiment 68. Add 10 « plienol slowly to lOfi concentrated nitric 
acid. When the action is over, add ^0^ fuming nitric acid and boU 


I {NO,)-A 

tOH J 
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for some minnlcs. Extract the picric acid by means of Iiot water; 
an^l [mrify by dissoh in^’ in potassium carbonate, and evaporatinji^ to 
crystallization. I * 

♦ ^ 

acid forms yellow erystals, lias a very bitter ^taste, 
is poisonous, deco}nj)oses witli e\|ilosion when h(*ated rapidly. 

ft dyes wool and silk yellow. 

« 

Norv: kok Sn okm'. 1> tluo'e any analo<;y ]>et\vet;n tri-nitro- 
phenol and tri-nitro-iilycin'in? What is the essential ditterence be- 
tween them? 

One of the most intei'estino' properties of lri-nitro-])lieiiol is 
its powtu’ to form salts. It acts lik<‘ a strong tu*id. It will 
thus be seem, that, while the sidestanee ( V.H., .OH has only very 
sli<iht aeid pro[)erties. the sam(‘ substance, with thre(‘ <:)f its 
hydrojitms re})laced l>y nilro groups, C<jll2(NO:.)3 .Oil, has 
Htrong aeid properties.’ In the salts, whieli have the oeiieral 
foriiuila Ct;ll2{ NOj),., .OM , tlu' metals replnee the hydroo;eu of 
tin* liydi’oxyl. Among them may he mentione<l fudassium 
salt which was oldaimal in Kxj>. «>8 ; this explodi's when heated 
♦ and when stni(*k. Anuuojtn/ tn ptcrute, {^-IhyNihh.ONH^, is 
used us H constituent of explosives. 


Phenyl mci-captan lc,H,s( C.H..SH,. Tl,i, Lear, 
Phenyl hydrosulphide, > 

same relation to phenol that menaiptan Ixairs to alcohol. 
It can he made by reducing henzene-sul{)honic acid. This 
reduction is elTectcd by first making the sulphoii-chloride, 
C,5llv ‘SO./d. (Kx[). hi), and then treating tins with nascent 
hydrogen. • 

Notk I’ou Stcdknt. - • Wlmt is tbe effect of oxidizing the mercap- 
^tans? 


It can he made, also, by treating piieiiol with phospjmnis 
{)entasulphidi*, tlu* effeet of this reagent being to r^laee oxy- 
gen by sulphur. 
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Notk I'OK SrunKNT. — \V"hat niialoiry tlu n* helwoon the action ot 
phosphorus pentaciiloridc and of phospiiorus pontasulphide on (xm- 
pounds coiitiiitjin;!; <*xy^onr / 

Fliciiyl nurcaptiia Is a liqtiid. with a v(rv disaoTecahlc 
odor. \\'ith rnrrtunc oxifh’ it forms u erystnllizod com- 
pound, ) lljui*. 

CH ' 

Cresols, C-H.O C„Ht < There are three eresols, 

or iivdroxvl dei’iN utives of tolmme, <d' the formula ('Ih<^ 

4 

'riiev are all found in eoal tar, and tlu* tars from pint* and heecii 
W'ood. ANdieii mixed tOiTether, it is dililcult to separate them. 
'Fo obtain them in juire eonditioii. it is therefore tarst to inakx* 
them from the rlirta* tolnidinos, f.»r from tfie thret* su}j)honi(t acids 
of toluene. 

Noi'K F»>r; S rrni;\T. — Give th<* <‘quati<ni> r»'prrs(*nti!U' tlu' ivactions 
involved in ]:'a<siiiLr from iIc' thrci* toluidines to the eiM-sols, Hint from 
tlie tJirei’ nduene-sulidiojiie nei<is }(» I hi* cresots, 

'Fin^ ere'^ols resmnbh* ptmno] vau'V elo^tdy. 

Creosote is a mixturr' of ehemieal (x)rnponrids eotitained in 
wood tar. It eontains the eresols. Coal-tar (U’erisote eoiisists 
largely of plienol. 

Thymol^ propyl-meta-cresol, CuH^o! C,H( ’ OH b'>) 

This phenol is contained in oil id' thynKu together with eymene. 
It forms' large inonoeJinie crystals, which melt at It Ims a 

jyleasant odorclike tlio t of oil of lliyna*. 'I'reated with phos- 


* For!wn!a« of this kinU (•/•rvo v<*ry well t<> fndWatf rrijihoriK of the firrovii^# anti 
atoms conauT»eti in hen/ene ticrivalivew. This otm, for example, indicatew that the 
hydroxyl in the meta portion im) !o methyl; while the pro])yl in the para 
pof^illon to methyl (/?). For di Huhstltution prodnelH, ssoeh fornuila« may alx; 


he imxl, three mhiidinea may ho repreaorUed l>y CoUt* <] 

-cii, „ „ ^rir, 


on,. 


, ami QH4 cf 
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phorus pentoxide, it yields iiieta-cresol ; while, wlien trcMted 
^itli j)h()s[)]i()rn^ ))eiits.snl|)iiide, it yields oyinene. These two 
r(4Jtcdoiis indieate ^ hat th(‘ li'i'onps ('ontaioed in thymol bear to 
each otliei' tin* rc'lalions indicated by tin,* ronnula giver/ above. 
It is one of the two llieoi'etically jjossilde livdi'oxyl derivatives 
of cymeiKa 'flu' other one, earrnrroL has the Iiydroxyl in the 
ortlio |ft)sition rrdatively to na^tliyl. It has b(‘en made from 
the eon'esjjonrTnig eymene-snljrhonie acid : is found in nature 
in the etlieja'al oil <d’ ( h'ffja a f/m hirluni / and can l»e made from 
carvob or the oil of caraway. 


l)l-A< 11> PlfKNOl.S. 

T]i(‘ tiiree theoreticaliv j)0.ssibh‘ di-liydioxyl benzenes, 
OK. <oIp 'll' " '‘11 known. 

Pyrocatechin, ■» C, R;0 / - a.H, < S ? V 

Ortho-di-hydroxy-benzene, ^ \ 

I'his substancv' is ti tViMpiont ])rodnct of the dry distillation of 
natural substan(M-s. — a> of catechu, morintannic acid, etc., — 
and of tlic mclting«of resins with causti(‘ jotash. It can be 
made bv meltine: ortho-iodo-phenol or ortho-idienol-sulphonie 
aeid with caustic j>otasb. It toians cay^tals, which inctt at 
It is easilv soluhle in water, alcohol, and ether. 

The dilute solution in watm' gives with ferric chloride a 
(f!irk-i»:rr'cn <‘oloi'. which b(a*oincs violet on the ii^ldition of a 
little so(]ium carbonate. 


Resorcin, }Cr,H,;0 

Meta-di-hydroxy-benzene, ( 



OH \ 

OH(m)/* 


Resoi’ciii is forinetl by the melting ol‘ a number of resins with 
(aiustic potash, as of giflbamim, sagapeniim, asahetida. etc. 
It is mad<‘, also, by melting nieta-iodo-i)heiiol or metti-beiizene- 


disulphonie aeid with caustic potasli. 

It crystailiziNS from water, usually in thick rliombic prisms 


Melting-point, 



27^ DKIUVATIVES OF THE BENZENE SE1UE8. 

'With ferric chloride, tiu' wiitcr solution gives a dark purple 
color. Heated for U f(ov minutes with })hthaHc acid in a test- 
tube, a yello\vitih-red mass is formed. When this is addl’d 
to dilute (‘a us tic soda, a wojuhu'fully fluorescent solution is 
obtained. d'he <‘xplanation of this reaction will bo i^iv’cn 
under tfic lioad of 'rri-phcnyl-metliane, when the phthahuns 
will be <lcscribed. . 

Resorcin is use<l largely in the mamifaeture of eertein dyes, 
and is therefore inaiinratUuicd tm tlic large scal(\ 


Tn-nyro- resorcin, , q / ‘ '^2;*’). -- This 

Styphnic acid, ' \ 

com]»ound is finamal ]>y tin' action (>f nitric aci<] on resorcin, 
and on tliose resins wliicli givr* la^sorcin when treated widi 
caustic pc»>tasli. It (doscly resembles pi(‘rie acid. Mcrted 
with bromine and acetic acid, it yields tiie sul>sUinee known 
as which has the formula C(N(b)l>r;;. 


Hydroquinone, C H O ^ C H ^ 

Para-di-hydroxy-benzene, ^ ‘ 'v = ' ' OH(y/)/ 

riydroquinone is formed by the dry distillation of (pbrnie acid. 
l>y reduction of quiuone (which soe). In* ihe ;n*fion of eliromi(t 
acid on anilim‘, by melting para-iodo-j^heno], rte. 

It is a eiystalli/.od sul)staner which melts at 109'^; easily 
soluble in aJicohol, etlicr. and hot water. 

Oxidizing agent.s. suOi as barie eldoride. ehlr^rinCj etc., con- 
vert it into qninone. 

It would leah too far to discuss iicre the reactions which 
have been made, u.se of for the pnrpos^* of determinii]g to which 
series each of the three di-hydroxy-benzenes Indongs. The 
prinoipk* involved, how(*vt'r, is sinqde. Kither these substances 
must be conv-erted, directly or ijidirr’ctly, into otln*rs, in regard 
to tlie relation of wiio.se grou[)s we have evidence; or sub- 
stances, the relation of whosi* gronj>s is known, must hi* con- 
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verted into the di-liydroxy-benzenes. The reactions made use 
Sf for elTectiiic; tiie conversions are mainh' tliose which !)ave 
akea|ly l)een studied; viz., the formation of arnido coin|)Oiinds 
from iiitro com[)ounds by reduelion; tlie formation of diazo coin- 
liomuls from* juiiido eoin{K)uiids ; tin* formation of (1) iiydroxyl 
deidVali ves, (2) ehlojine, bromimu or iodine derivatives, from 
the diazo coinpourKls ; and the formation of hydroxyl deriva- 
tiv'es from sulphonic acids. 


Orem, \ XT r\ ^ Tj ' OH; ^ ,,,, 

^ , CtH.Oo C(;Hi ,r\xy • — there 

Di-hydroxy- toluene, < \ ((OH,' 

are three dye-stuffs. knr)svn as nrch.fL i'f'dJHitr, and lifmnss wliich 

a¥e made from didVreiit licliens l)y ( Xposino* (luan in [)owdered 

coiyiition in nmmoniaeal solution to the action of air. They 

are treated witli d('e<)rn|)osinir nrine. from whicli the ammonia 

is obtidned. Archil contains a substance (‘ailed orcci/t, which 

can be iiia<h‘ from or(‘in by treatiim' it. witli ammonia. Orcin 

Ls contaiiual in several lichens. It is fonne<U also, by nudtim^ 

aloes with eaustie yotash, and by melting eiilor-toluene-8nl[»lio- 

nic acid with caustic* j)otash. d'ii# hist r(*a(*tiou shows tliat 

orcin is a di-hydroxy-toluemu 

(,)rcin crystallizes in larg(*. eolt>rh‘ss. monoelinie prisms. 
Turms red in tin* air. Ferric cldoride turns tie* aqueous 
s^hitiou dee}) violet. ♦ 

Treated witii ammonia in moist air. it is converted into 
orcein. C^ri/NCb, a su])8tanee wliich dissolves in alkalies, 
forming beautiful red .solutions. 

Orcin is manufaetured on the large s(‘ale, then, con- 

verted into orcein, which is used as a dye. 


TiU-A 01I> IhlKNOLS. 

^eallol, pyrosraUic acid, j c.H,OH«. 

Tri-hydroxy-benzene, ^ 

Pyrogallic acid is formed by dry distillation of gallic acid, the 
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% 

ivnctJc)!) annlo^ou^ to Uiat by wliicli benzene is produced 

bv divStillatiori of be0zoi(» acid : — . 

► I 

C;;[I.-,.((UI = (•JI., + C(\,; 

licnztMv civitJ. rU'iizone. 


€J1 


^ (OH), 
I (O.JI 


d-ivirio noitl. 


rr: C,! 1,(011), + CO,. 

Cyrovrallol. 


It is I'onnod aiso tvluMi une of tho (•lilor-pht'uol-siilplionio acids 
IS molted with caustic potasli ; — 

(OH , (OH 

C.J1, ' Cl + = ( V.H, ' OH + KCl + K,,SO,. 

( SO,K ((*H 

r(>TA*«»} u jn c' Vi l( -r -pht-nol ■ l*y r<'i;:U 1 - >L 

It ervstallizcs in laniivnc or nec<l]i*vS ; at is easily 

solubl<‘ in water, (ther. and aboliol. In alkjtlinc soliitiow it 
absorl's oxypon ra|Mdly and V>ecoincs brown. Dn account of 
this power' to absoriv oxypen it is used in pa,s analysis. It is 
poisonous. 

WiUr a sc)]ution (‘ontaininp a ferrous and a ferric salt it piv^s 
a l)]ue color’. 

Most of the })licnols pi^ color rca<dions witli bvrric chloride, 
and incest of tlicru ehanpc color in the air. These ebanpes in 
<’,olor are undouiuetll v due to tiu‘ action of owpaai upon theni. 
Towar'ds cexidizinp apents dicy arc all unstable, most of them 
breaking down rv'adily and yi**l<ling as the* pnxlnct of 

oxidation, carbon ilioxidc. In pamcral. the lai'pci’ the numl)er 
of liydro.wl pro^ijis rontained in a plicnol tJie b‘ss stalvle it is. 
Mo) shall see tied tbes** sana^ statements bob! pood for tbe 
bydrdxy-aeids tlic i>en/.ene prou|>, of wiu(*h pallic acid and 
salicylic acid are examph's. ^ 


Aico)io].s OF TiiK Hkxzfnk Sfiuhs. 

The {)henols are those hydroxyl derivatives of the benzeiu^ 
hydrocarlvons, whicli contain the hydnexyl in the place of one 
or more of the six benzene hydrogens. Hut junt aa there are 
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two clasBes of halojj^en subBtitutioii-piTKliiets of toluene, one 
^>^ \vlu(*h tlie suhstitutioii linn taken ptac<3 in the benzene 

4 

and in the other in the marsli-gas nisidue, as indicated 
in the two formulas, — 

^yM'l.Clb and (,>Tf,.(dLCl, 

so, als^. there are two classes of hydroxvl derivatives: (1) the 
])lienols, and (2) tliost' in whicli the hydroxyl is in tin/ marsh- 
gas residue. The simplest examjde of tfie second class corre- 
sponds to tlK‘ formula, ( Villr, -('IL-Uil. It is isomeric witli tlie 
cn^sols, .OH .('II and has (‘ntir(‘ly ditTercnt {properties. 
Wliile the eresols are the true iioinologues of {phenol, the new 
suhstanee is ictdly iiu.'thyl tileolapl in which one of tin* hydrogens 
the nietiivl has been replaccpl by {plienyb C'^H^. It^ may 

r;v’> 

be represented by the formula, C ! , when its analogy to 

t CIL ^ OH 

etl]\ 1 alcohol, (; |J , is at once apparent. 

’ OH 

Benzyl alcohol, C.H.O{ Cr.ri^OH.OH). — Benzyl alcohol 
or phenvl (‘urbinol is found in nature in the balsams of Porii 
and Tolu, and in sttprax. In thesf substaui-^'s it is. for the 
most {part, in combination with benzoic in' eiiiuamie aei<l. It is 
ma(h‘ bv tribal ing tie* oil of bitter almomls, wliieh is the corre- 
s[>ondiiK!: ald(‘livde, with nascent hydrogen : — 

(■•IT,. ( HO + IL (VH,.( TL«[)II. 

Oil of bittvr almoiul.s. Ut iixyl aloohol. 

It is also made l>y replacing the eldorine in Ijcnzyl chloride. 
(',;H- .(TlX 'b I'y liV(lrox\i, just as methyl rd(‘ohol is made from 
methyl chloride* l>y a similar replaecnu nt. In the case of 
benzyl chloride this can be ctTccded even by boiling for a long 
time with water : — 

CeH5.CH,Cl + lU) + IICl. 



282 


DEIMVATIVES OF THE BENZEKE SEUIES. 


Bertzyl alcohol is a liquiii with a pleasant odor. It boils at 

206 . o". » ' 

I 

XoTE^FOK SrroFNT. — Notice the .irreat ditroreticc h«‘twoen tla^ bo!1- 
in^-point. of tliyl alcohol aiuJ pheiiyl-niot hyl aloohol. 

Oxidizitii^ aircnts convert the alcohol, first , uitu the oil of 

hitter ahnonds or henz<»ic ahh'hvdt*. and linallv into benzoic 

% % • 

acid. rclutioMS lictw<*cn the three suh>t;Hk‘es tire like 

tliose betwi’cn aiiv priinarv tde<‘hoI and the eorresponding alde- 
hyde and a^’id. as sliown by tlu' fonnnias, — 

( :il.O^ ( rHd ). ( Vn,<b. 

or(^Il,.( 11 OH; or( Jb.( HO: (\,n, XiUl, 

n‘-:)/W aith'liV Jf. iMli/oic acid. 

Hvdri«,>di(* tieid eonverls l>enzvj alcohol into lolncjic: -— * 

• # 

(,H,,( HX)H r 2 111 ( dl..( 11, -f- IbO d~ 2 1. 

Benzyl alcohol conducts itself, in nio.-t res[H*ets, like the 
|n*in)ary alooliols of the nieilivl :tlc«/hol >eries. A large nnniluu' 
of its derivativi’s iuna* luaui nnnle and stndhal. Among tluun 
are of which h> (nu'hife, C’H 0(\dl-, and 

he>aijl nU . NO . d)( ;H;, may >i‘rve as e>^umples ; e//oo'.s. of 
whi«'h the eo/ ^ C, !^f^( 1 1 . ).r H and thi* pht^nyl ether^ 
(Vir,.( n,,()( ji, tiro good cxaiiiph'v ; and ’Siff}.sfihiO'on-/ir(t(btrl,Hs 
of which nh n'i,,y. I j( 1 .( I Id HI . and iXlro-beH'^tfl 

alcohifl, ( , H d Nib ) A Hd B f . are ex;nn[>h‘s. 

d’hes(' >!uC'.u[ntion-prodiicts are not made by direct trejitment 
of liie aleoliol vviiii the r^nbj-tiinting agtmts, but by sttudjng with 
tlje correal /cmdiug .'^nbsti; iited toluraic. dims. <‘hlor-ben/yl ■ 
alcohol is maehj from cidm -tolmme, ( VJBl 1 .( If ;, by first eon- 
verting this intvf I'lilor-benzyl chloride, ( ',J 1/1 .( 'HX b and then 
rephicing the clilorim- of the grou|i ^ fb( I by hydroxyl. By 
oxidation tijc .^ubstit uted l>enzyl alc<)ho}.s yield the eorre.s|K>nd- 
ing Hubstituied ]>enzoic acids; — 

C«HX bCIIX)H + 0, ^ ('XI/l.COJl -f- HaO. 

< .'h lor • lit* uzoi f.: uc id , 

C’»H 4 (no,).cii,oh + o, - (:diyN(A,)(:o*n + 11 , 0 . 

M i trO’}jeti'iol<i ttci4. 
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\ ery few of the alcoliols Jinaloi^ous to benzyl alcohol^ have 
^>een {)repared. Idainly. the liomologucH ifiay Ixi of two kinds : 
• 1.^ Those whielt are [)}i(niyl derivatives of the alcoliols of the 
inethyl aleoliol S(*ries. Of this class, plienvl-ethyl alcohol, 
CJb.ClL.CdlT) the isomeric substance ( .{ if .Oil .CH^, 

and plienyl-|)ro[>yl aleohob ( 'IbdTL.t llT)!!, are ex- 
amples! Piienyl-}>roj>yi aleoliol i>; of special interest on 
aeeonnt of its connection witli cinnamic acirl (which see), 
vvhi(‘ii h;LS eoine into prominence .-ance it has iMaai sliown to be 
closely ri'laled to tlu* inti'restiiio subst tima's of tlu' indiii;o ^roup. 
It occurs in storax in the form of an t*tlicre.al salt, which will 
lie spoken of mor<‘ fully nndm* tin* head of ('iniiami<‘ Aeid. 

lb ‘rh<»s(^ which are dcri vati^•cs of xyhme. inesitvicne, etc., 
[♦1 the same sense as f»enzyl aleoh<»l is a derivative of toluene. 
Tlie following belong to this elass : — 

Tolvl-c:iri>iiiol .... . 

('H.OII 

1111(1 Cniiiiuvl (ilcdliiil .... ( V.llj ' ' ^ 

( arc, o’ 

whicii is made froin cuminoi. an i^lehyde found in the oil of 
caraway. 

AroFinons of the Hfxzfnk Sfriks. 

t Tlie aldehydes of rliis groiip an* closely relabel to the aleo 
liols just <a>nsidere(l. riie sim[ilest om* is the oil of Jiitter 
almonds, or benzoic ahlehyde, (bll/). 


Oil of bitter almonds, 
Benzoic aldehyde, 


|C;H„0( QHj.CdO).—' rhis sub* 


Bianee oeenrs in coiubination in amygilaliiu whieli is found in 
bitter almonds, lanrel leaves, c'herrv kernels, etc. Aniygdalin 


lielr.iigs to tlie class of bodies knowti as which break 

up into a giueose and otlu r substances. Amygdaliu itself, 
under tlie intluence of emulsin, which occurs with it in tlie 
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plants, breaks up into bonzoie uidoliydi', hydrocyanic acid, and 
dcxtr<)s<‘ : — 

I 

cai,^ + 2 n,(> = ( ju) + cNn + 2<',;ii,d),,.' ' 

2 Vtnyg>{alta. lU n/.^iio altlrhy^to. I>r,xlr<t«e. 

Boiizoi<‘ aMelivdo can he made : 

1, By oxidiziiiii b(‘!izyl alcohol : — 


( lI,OH -f o rr: ( ,H,.( IKd + IIX). 


2, By liistillinit a mixture of caltdiuii lienzoate iiiul (‘alcium 
formate : — 


C«U,X()OM 
H . ('OOM 


== lU) -f MA ih. 


3. Bv treatiusz henzovl cliioride, th(‘ c[\Ioride of henzoie acid, 
with nascent iiydr(»gen : — 

( ()( I 4- IL = HO -f liCI. 

4. By treatimx iamzai chloridt‘ with WMter or mercuric oxide ; — 

iK’io -f iLo ( ,;H,.(;n() + 2i]( i. 

Xorn roi: STrnr.xT. — hcfilHotlM' ,a’en<*ral iiU‘t iiod> for tlic {ircpara- 
tion of ahlf hyde.'^. Which of thr- aixne rc.-ifiionv are n<ed for the 
preparation of ahie]iv<les in irenenil? Wiiicli of tlie rctcUioMs throw 
li^bt upon the nature of aliltdiydt's^ and tluur relation to alcohttlsy 

Benzoic althdualc is [)rc|>an'd either from hitter almond.^, 

which 3 ield ahont l.d to 2 jM.*r cent; or from lien/al yhloride, 

accordinpr to reaction t. aht)Aa‘ uivcin Idie latter mothod is 
. f . . . 

empiejyed in tlie artificial prcfiaratiim of indigo. 

Benzoi<‘ aldekydc is a liquid haviuo a pleasant characteristic 
odor. It l^oils at 1711^; is ditlicullly^ soluhle in water; is not 
tK>isonons. 

It unites with oxygen to form henzoie. acid : witJt liydrogen 
to form benzyl alcohol ; with hydrogen sulf>hi(le, amuu)nia, 
ammonium snl}>liide, ahaihols, acids, anhydrides, and ketones. 
In short, its |>owers of c<;mhinatJon with other substances are 
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.'ilinoHt unlinntcd. IfeiH'O, ii very large number of derivatives 
uYc' known. 

Cuminio aldehyde, cuminol, C,„H, -0' C,iH, < 

TIuh aldeliydi* «^(*(*urs in oil of caraway, frojii whicli it is made, 
ft. is a liquid witli llu' odor of the oil of oarawav. Its reactions 
art‘ like those of henzoi(* aldehyde. 


Acids ok thi: Denzknf. Skkiks. 

The simjdest of tlu'se aeids has been referred to re|>eatedlv. 
It is iKMizoie a<’id. wiiieh bears to b(*nzen(^ tla* same ndation 
th;)it acetic acid bears to marsh gas. It is (lie earboxyl deriva- 
tiv(‘^ of benzene. 'I'he iH)mologous acids are tiu‘ carboxyl 
derivatives of tie* homologous hydrocarVKJiis. \\5* shtill find 
inono-basi(g cli-}»asic, tri-basic, and even Iiexad)asic acids, 
though lli(‘ numlHT of acids a<‘tually known is smidl. 

MoNoiiAsrc A< IDS, < sO.,. 

Benzoic acid, CjH.jOy C.H-.CO H). — Benzoic acid occurs 
in gum benzoin, in tlu* balsams of TVrii and Tolu, and in 
combination with amido-acetic acid or glycine in the urine of 
hirbivorous animal'^. It can be mailc in many ^vays, the most 
important of which are given below : — 

1. jfv oxidation of lienzyl alcohol or any alcohol which is a 
phenyl derivati^'(’ of an alcohol of th<^ met]i\^ alcohol series. 
The common lamdition in all these alcohols is t^^e presence of 
the dillicailtly oxidizable residue, in eombinatioii >vith an 

easily oxidizaJde r(\sidue ul* an alcohol of the marsh-gas series : — 

C,TI, .C1T( )1I giv(‘8 CJl, .( -OTI ; 

cy OIL .CILOI 1 ^ ‘ ( y f, .CXUI ; 

CcIJ,.Cll,.ClL (Tl,On (yi^.COJI, etc. 
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2. l\y oxidation of Bonzoic aldehyde, and the aldeliydes of 
the oilier alcoliols referred to in tht' |>ri'eeding paragrajdu f 

3. By oxidation of all htai/.ene hydroeai^ooiis whieli conJ, 4 iin 
Init oAe residue i>f the niarslogiis series. Atttuituni has already 
heen eailed to this faet (see |>. 

■i. By treating I’yaa-heiizene (phenyl eyanidh, beuzo-nitrile) 
with a eanstie alkali (see Kx|>. ho, |>. *233) ; — • 

( ABC N -f KOll d- Hd> -= (AB.( (LK -f NIB. 

)iy treiiting benzene with earbonyl i-hloride in the pr(*senee 
of aluininiurn elilorirle : — 

( 'Al, 4- COCl - (AB.f’Ot'l -f !1( 1; 

( AB Cool -f H,o ^ ( ABddbH 4“ ni l. 

A Kaietion similar to this is of (extensive ajuilication the 
jireparation s(»mi‘ hydroearbons. It will be sjioken of more 
fully nmler the Inaul of 'rri-[»henyl-im'tliam*. 

h. By treating iHUi/mu* with earl»on ilioxide in the jn’eseuee 
of almniiiiuiu ehiorid(.‘ : — 

(Ah; 4- ( O, CAB.C (MI. 

rius and the jireeeding methods are of speeial interest from tlie 
scientifie point »>f view, for tin? reason that they clearly show 
the relation between bt a/oie aei<l, on tiie one hand, and ben- 
zene and eavhoihe acid, on the other. 

XoTK 1 ujt SrrnKNT. — Wliieh of the laetliofls atiove J^^^ven are of 

general application for tin; preparation of the acids of carlioii? 

c 

Benzoic avid is prej>tned on tiie large scale: (1) from gum 
benzoin liv snbliniatioii ; (2) from the urine of horses and 
cows l>y Irtaiting the hippuric acid with bydrocliloric acid ; 
(3) from toluene, Ih'sI, by eunverting it into benzyl chloride, 
and oxidizing this with dilute nitric acid. 

Experlnurnt 01). If the material is ohliiiitahle, evaporate a quanUly 
of the urine (jf horses or eovvs to about one-half or one-third Its vol- 
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ume. Add hydrochloric acid. On cooling, hippnric acid will he 
deposited. Hc(‘ry.st;aUizc this several times fr(>Jii dilute nitric acid. 
Boll the hip})uric acid for about a quarter of an hour with ordinary 
concerftrated liydrochlorie. acid. By this means tlie hippuric •acid is 
decomposed, yielding glycine (amido-acclic acid) and benzoic acid: — 

c,ji,N03 + 11.^0 .. + cii, < 

Iliermrie acid. Benzoic acid. ' 

Glycine. 

Benzoic acid forms lustrous huniiue or needles, which melt 
at 12r. 

Kxperitiicnt 70* Determine the meUing-point of the benzoic 
arid whicli you liave made from hippuric acid. If it is not as 
'Stated al)ovc, recrystallize from water until the lueltlng-pDint is not 
cinuigcd bv furtlu^r crystallization. Those specimens whiclt are 
least pure cati bo purilied by recrysUiUizing them from dilute nitric 
acidf 

The acid is comparatively easily soluble in liot water* l)iit 
diBioultly soluble in cold water. It is volatile with water 
vapor. 

K.vpcriinent 71. 4hit some in a one-litre tiask, with about 700^^^ 
to 8U0“ watt‘V. ('onneet yvith a condenser, and ])oil down to about 
200*^'’. Neutralize the distillate witli ammonia, and evaporate down 
to a small volume. Acidify, when benzoic acid will ))e thrown 
down. 

Jts vapor acts upon the mucous membrane of tlie respira- 
tory passages, and causes coughing. 

It subluncs very easilv. 

% 

Experliiicnt 72. Put some dry benzoic acid in a small, dry crys- 
talli/ing dish, and put the dish in a saud-i)atU. Ov%r tlie mouth of 
the dish [>nt a paper eone made from tllter-paper, arranged as shown 
in Pig. Id, Heat with a smalT Jlame. The benzoic acid w ill be depos- 
ited on th(‘ paper in beautiful lustrous needles. 

Or anotlier form of apiiaratus, which i.s useful for subliming small 
c|uantities of substance, consists, essentialiy, of two watch-glasses 
which are of exactly the same size. Tlie edges of the glasses are 
ground to secure a good joint when they are brought together. In 
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ii.vnig this apparatus, put the substanee to bo siibliniod in one of the 
glasses; stretch a riMiul piece of tiltor-paper over it, and then phfce 
ti»e other glass upon it. t'hiinp tfie glasses totethor by tneans 
ihiu tA'ass clamp. ISoav put the glasvses on a sand-bath, and warm 



i u 


gently, when the siibstan<^</ will slowly |>ft>s througti tie* paper ;tfHl 
appear in crv.-lah in tlie npper wateh glas>. It ]•> well U* keej> a sniall 
pad of moist tlUer-i>aper on the upper glass during the o|)eralton. 

0 

Wlicn heated with litne, benzoic acid breaks up into beiizemi 
and earljoii dif^xide (see Exp. do) : — 

CdiMb - ( (b. 

With sodiinn amalgani, it yields Inuizyl aleoitol luid otiier redue- 
tion-produels. With liydriodie acid, it yields toluene, lUid then 
liydrogen addition-jjroduels of toluene. 

A great nmii}' derivtitive.s of benzoic acid are known. 
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N(‘nrly all itn saltn ai*o soluble in water. 

efben^al salts c«Hn be made by any of the general 
iiK^hods already diseribed. 

Non: r<»K - ~ IVhat are the general methods for the prepa- 

ration of el, iKTea]^ salts? 

Kxiwrinient 7B. Dissolvr? lO^’Mx'iizoie aeid in 1. *)<>'' a) > solute alco- 
hol. iVtss tlry 1}\ droeldoric acid jiras into tiic solution, keepin^^ tlie 
latter cool })y siirroundinir it with water. When tlie solution is 
saturated witli hydrochloric acid, couiusd the llask with an inverted 
conden.ser, and warm ^eidlv on a water-bath for lialf an hour. Now 
add tliree or four v<.)lumes of water, when etliyl Ixmzoate will se})arate 
as an oil. Wash w itli water and a little sodium carbonate ; and, tinally, 
dry. 

teenzoyl chloride, C,;H, .COCl, and hroaridp. CVH^.COBr, 
an' fnnd(‘ from Ix iizoic a(*id in the same way that a<*otvl elilo- 
ride is made from aetdic aeid. d'bey are more stable tlian the 
eorrespondiiig (a>mp<>unds of tht^ fatty acids, but in general 
undergo the same kinds of <‘hange. 

Benzoyl cyanide, C,.H,.CO.CN, is made by distilUng mer- 
euric eyanidi* and benz<»yl chloride: — 

2(’oM..( 0(;i -f llg(('X), - 2 ( ,11,. ( OCX + HgCL. 

The cyanogen ean be converted into carboxyl, and tlius an 
a(*ld of tlu‘ formula C,l{- .<’(>.('( >.J I oidai?jcd. d'his is known 
as briizny^fon/i fr acid. It is of inl<ucst. for the reason that 
one of its derivatives is also a derivative of indigo (see 
Isatnie) . 

iS ?/ bsfifati<H\ - Proil ads of Peazofe AcjiL 

Benzoic a(*id readily yi<‘lfls substilution-prt'duets when treated 
with the Indogens, nilrie a<*id, and sulphurie aeid. The [jroducts 
ol>tained by diretd substitution belong mostly to tlie meta series, 
Tims, when chlorine acts u|>ou benzole aeid, the main product 
^ is meta<hlor-ben2ok avkl ; nitric acid gi^^os mainly meta-nUro-- 
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henmic acid; an<l j^ulpliuric a<a(l gives iiiaiiily 7nefa-sulpho-ben- 
zoic aeid. 

Notk roK Src'nFXT. — Compare this with the result of tlu direct 
action of the same reagents on toluene. What are the first products 
of the action of jiitric and sulpliuric acids on tidiiene? 

Substituted benzoic acids can ]>c iimdc, also, l)y .)\ddizing 
the coiTes|>onding substituted toluenes. Minis, chlor-toUieue 
givCvS eiilor-!»cMzoi(^ acid ; uitro>tolucne givtss nitro-benzoic-acid, 
etc. : — 

gives (VHi( l.( (UI ; 

(VldNtb)( n. CV1,(N(X)( (UI. 

The thre(‘ nif mdifuznir ands and tin* corresponding nmido- 
acids may serve as t*x:unj>]cs of the inouo-sid>stitntiou 
} trot 1 nets. 

r C*C) TT ^ 

Ortho-nitro-benzoic acid, CrH^NOj Cr.H^ < ^ 

\ NO-;(V0 i 

( )rlho-nit ro-bcn/oic acid is formed, togidlier with a large ({Uan- 
titv of the riK’ta and some of tiie |):p-a aedd, by tr^mting 

benzoic acid with nitric acid, hy oxidizing or* ho-nitro-tolmme 
with pota-sium [KTinanganat**, ami hy oxidizing ortho-nitro- 
cinnamic a*dd. it * rvstajhzes in maallcs, melts at I 17^\ ami 
has an intensrdy sweet tasb*. 

t.. 

GO H 

Meta-nitro-benzoic acid, CMi < ,, is the chie f prod- 

uct of the actioimd' nitric acid on hcFjzolc acid. It erystallizc.s 
in lainime, or piaU‘s. and melts at MO'^ to 

CO H 

Para-nitro-benzoic acid, G.H, , is pre|>are(1 best 

hy oxidizing ]»aru-nitro-to]ucne. It crystallizes in lamime, 
melts at and is much less (‘usilv soluble in water than 

the ortlu; and meta aci^ls. 

The dcbTnuuation of the series to which these three acids 
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Delong is etTeeted !)y transfonning them into the amido-aeids ; 
akd tliese, through \]w diazo <‘oinl)oun(li5, into the corres|)oiidirig 

• ( ){j 

iiyflrocy-aeids of the forinulii 

Non: von vStvokni'. — (O've (Ik* (‘rjuations representing the action 
involved in pnssiTijr from tolnene to ortlio-h3'droxyd)enzoic acid (sali- 
cvl ic iicid^ by tici method alfOAK* nderj-cd to. 

in a similar way, lines of eonneetion can be established 
between tlie threi* hydroxy-acids and the ehlor-, broin-, and 
iodo-la'nzoi(' acids. 

Noi v vou SrviiKN i. — W'hal are the reactions? 

11k' thrtH‘ jiydroxy-Jicids. on tlu* oilier Imiid, liave been made 
by inetliods wliidi coniu'ct tlnmi dii'(‘ctly with the threi* dibasic 

(0,11 

acids of benzeni‘. ^ whieli. in turn, have been made 

from till' thn‘e xylenes. 

Ortho-amido-benzoic acid, ) ^ ^ ^ CO^H N 

Anthranilic acid, i 'x 

Tin's acid is mad(‘ by r(‘dueing ortlio-nitro-lienzoic acid Avitli 
tin and hydrochloric a(*id, and hy Injiling indigo with caustic 
potash. It has alrc^ady been stated that indigo yields aniline. 
Now, as ortho-aniido'bcnzoic acid is also o))taincd. and tins 
breaks up laisilv into aniline and carbon dioxide, 

- CIV.NH, + e(V 

it seems [irobable that the aniline is a secondary product. 

Isatine, CsH^NO.^ C,iH 4 < — Isatme is ob- 

tained by the oxidation of indigo, and from ortlio-amido- 
benzoic a(‘id as follows : — 

The uniido-adu i.s converted into the chloride, the chloride 
^into the cyanide, and this into the corrcsporidiug carboxyl 
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deriviitivo, whieli is liio ortho-ainido derivative of b<‘n/xni- 
f<>nuie The ortlu>-ainidt)-beir/()vl-f<>rr!vie acid thus 6b- 

taiued loses water, and is eon verted inb» isatine. The ehargivs 
are reprevSenteil by these eipiations : — 


1) +«’0. = , -t- HCl + ro(-i,: 

MI. 4 '*' Alide) 


Oriho-ainiiJo-bcii/.oiv- acUi. 


Orthu-:imi(ii> ln‘n/.«)yl 
cb!oiiU«.‘. 


(2) ' + Ai-l'N = + A-rCl; 

^ ‘ Ml,'".) MF.,(") 


Ortbo-;i:Hulo fi.>n/oyl 


(■’.') ^ + -2 H.o -- -f Mb; 

^ ' NIL {") \n,(") 

• Orthu-iirniilo {n'Uzoyi- 

foriiiic ac'i».l, 

= + iro. 

Lsaiifu*. 


(i) (yb< 


(O.COOII 

ML(") 


The formula gi\en for isatint' re[)r<‘s*nts it as an anhy- 
dride of ortho-amido-ben/oyl-formie arid, the w.nter wlndi is 
giviai off l>ein<jf sii[>|)osed to l>e formed ]>v a nnioti of the 
two hvdroirens <>f the amido oroup ami an oxygen of oar- 
bonvL The formation of anhydrides of aromatie aedds is 
a eharaeterist ic of oilh(f r'omjHanids. Xeilher tlte iitehi nor 
p>ara eoin|M>uijds .give n[) water. We shall find that this fact is 
illustrated in the easr; of the dibrtsie acids, lli(‘ only one whieli 
viohls an anhvdride iH-ing ortho-phtfialie aeid, (’JL <! !!!!!!, ,, 
which gives phtlcdic anhydride, f Vdd ^ ^ ready 

forrnatiou of anhyalrides from ortho compounds, taken together 
will] tiie faetirthat the mvta and }Hua. (‘Ojn|)ounds do not yield 
anhydrides, lias )>een rt garded as an arginnent in favor of tiie 
viewdhat in tin? ortho compounds llic two substituting grouf^vS 
are actually nearer together than in tla‘ meta and para com- 
pounds. 

Thf‘ relation of isatine to indigo will be discussed briefly 
under tla* iieail i>f Indigo. 
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Meta- and Para-amido-benzoic acids are made from tlie 
eolN‘es ponding nitix> acids by ixxluctioi). 

• * 

Hipt)uric acid, benzoyl-amido-acetic acid, 

C,H.NO;( C. H..CONH.CH,CO H ). 

Hip|Hiri(* aci<l, .•<% lias already b<M/ii seen (Exp. df)). occurs in 
tlic urine f)f lu'i’bivorous animals, as the eow. horse, caiiKd, and 
slieep. Some hippurie acid is found in human urine under 
ordinary eireumstanet\s. If Ixmzoie acid is taken witli the 
food, it a|)pears as hipjmrie aeid in the nrim‘, vvliih^ derivatives 
of benzoic a(*id a|)pear as d(‘rivativ(‘S nf l)i|)puiie acid. 

]Ii|>purie acid can be made syntbt^tieally from benzoic acid 
and ae(‘tie acid : 

V By heating giyeim* with Ixmzoic* aeid to — 


(VU^.C’OOTI; 


-P 

IP 10 




Nil .( O.CoH, 

00,11 

IlipjMjric acid. 

i. By healing luaizandde with <*ldor-a<‘etie aeid : - - 
(I 


4- H ,0. 


C, .10. CO. Nil II + 


,, ( H, ^ ( ONIl . ( ji ^ 

IT(U' ■ IIO.C 

Uippiui*' iK'ld. 

M. By heating glycine witli benzoyl chloride : — 

= + IKl. 

. ■ (Tur " ' <'(iji 

IJippui'io aeid crystallizes from water in long, rliomliie {irisms. 
It is dec'omposeil into licnzoic aeid and gly(*ine ]>y boiling 
with alkalies, an?! more readily by boiling wWi strong acids 
(Exp. (ih) : 


CIE 


, Nll .(': ir ,<) j , j ^ ( VJI ^. CCUI . 

CO., 11 - - ( < UI ^ ' 


Note fou Student, — What rehitiou iU>os hippurie acid boar to 
beir/, amide? What is th«' elfeet of boiling aeid amides with alkalies? 
Write tlie equation for the de<‘oiui>osition of henzauude, and compare 
it With tliat for the decomposiliou of hippurie acid. 
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Toluic acids, QHsOo. — There are four uckis of this fornmhi 
known ; vi/.. : the tlnee (‘urhoxyl derivutives of toluene in wlifcli 
the earhoxyl takes the ])hiee of benzene hydrogen ^atems, 

^ ( H , . r 

and an :u*id obhiined from toluene by replaeing a 

liydrogen of the methyl by i-arboxy], tliijs, ( 44I5 

<h'thn~, unfit-, and parn-tnluu' (trnls. (VH.<^ , Ure made 

^ * (OJI 

l»y oxidizing the eone.s|Kniding xylenes with nitric luvid: -- 




ill, 

Cll, 


+ d 0 - 


( <ui 

Cll, 


4- MX). 


They, as well as tla ir dtnivatives, of wiii<‘h many are known, 
liave betai studied eart*fnl]y. 'Hie substitiibal toluic acids can 
be made either by treating the acids with strong I'cagtmts or 
by oxidizing substituted xylenes : — 

en.(X<);) + ;e) = cvjr,(N<),) < + ito. 

Nitro-xylone. Nitro. toluic acid. 


C-H.Oy C.H,OH,.CO,H). — Just 


a-Toluic acid, 

Phenyl-acetic acid, 
as benzole acid may Ik* reganh'd as phtmyl-formie tieid, bo 
«- tolnie acid ma} be ’egarded as ]>Jienyl-aeetie acid. It is 
obtained from imindeHc aeid, wliieh is formed when amvgdalin 
is treated witli Iiydon'liloiie aeid. ft is pn^p.ared from toluene 
by converting lids into IkuizyI ehloride, from whieli tin* eyanidi* 
is made ]»y lH>i]ing with j>otassinm cyanide. The eyanitic is 
th<*n treated witii an alkali, and viflds the aeid: — 


(ar-(n? 

+ vu 

= Caij-fU'/'l 

+ IK.'l ; 

BojlJnif toluonc. 


Bcny.yl fbKjrMlo. 


cae.cHjCi 

+ KCN 

c H,CN 

+ KCl ; 



Hcn/yl ty'unJdu. 



+ 1 I;< > 

= + nh^. 


«ir.-'roaiic iuhi. 


The acid crystallizes in thin laniiiuc ; and melts at 76. 5"*, 
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Kotk for Stitdext. — Wfiat would yoncxpoet a-toluio acid to yield 
wlltm oxidized? (See p. 24H.) What would you expect it to yield 
wluyi distilled with iliue? What would you ex])ect tlu^ three toluie 

acids, c!!iL , to yield i>y oxidation, and when distilled witlf lime? 

^ " CO.H ‘ 

(See p. 245.) 


Oxindol, aH,NO^ C,;H, < > Co). — Oxindol is ob- 

tained hy reductioi^ of isatiru' (see \^. 280) ; and also from 
ortho-ainido-a-toluic acid by loss of water, in the same way 
that isatine is formed from (>rtho-ainidf)d)eiJZoyl-fornne acid. 
When <i-tol\n(' aeitl is treated with pitric acid, tlie para- and 
ortho-nitro acids are formed. The latter is reduced by 
m(*|ins of tin and liydrocldoric acid, when oxindol is at once 
obtained : — 


Cn,. 


CIFo.COOM 


Ortbo-umido-tt-tolulc ucld. 


Col t < 


cn, 

KH 


(-0 + HjO. 


Oxindol. 


/ (CU ) \ 

Mesitylenic acid, C 3 io 02 f C^Hj [qq J- — This acid 

has already been nderred to as tlie first i>roduct of oxidation 
of me.silyhme. It is the only monobasic acid whieli has been 
obtained from mesitvlene ; and, aceording to the accepted 
hypothesis, it is the only one possible. l>y distillation with 
litfte, it yields met a -xylene. 

NoTio F(’ a .Stcdknt. — Of what special signhicaucc is the formation 
of lucta-xylenc fi oin luesityleiiic acid? 


Hydro-cinnamio acid, > tt r\ / 

, . . .J • OyXlioOd ■ 

PhenyTpropionio acici, f 


aH 5 .CH 2 .CH,. CO, H). 


Hydro-cinnamic or plienyl-propionic acid is obtained by treab 
ing cinnamic acid with nascent Iwdrogen : — 


CeH5.Cll.CH.COTI d- Hs = Cell^.ClL.CHo.CCj^l. 


Cinnamic acid, Hydro-cinnanuc xicid, 

Fhen>‘l-<icryUo acid. Phenyl-propionic acid. 
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It is also made hv .starting with ethyi-beiizerie. ( VJlA^Cyi^^ and 
using tin* same reactions tiiat are lieccssary to transform toluefie 
into rvtohiic acid (sec j). 204), It is a product of tlu> dt^avy 
of several animal snbstances, such as tdl>iimin, fibrin, brain, etc. 
It crvstallizcs from \vatm\ in long needles, whiyh melt at 47'^. 
It yields bcn/.oii' acid wla a oxidized. 


Ortho-amWo-hydro- 1 ^ CH. . CH. .CO.H _ 

cianamic acid, > NH;(.>) 

is jirejiared from liydro-cinnamic acid in tlic same way tliat 
ortbO“amido-ii-t<*iui(‘ add is made from («d<>luic acid. It is 
not obtained in the free state: but, like tlie orlbo-arnido 
derivativ(‘s of l*enzoyl-fonnic and of a-lolnic acids, it loses 
water, and forms t)ic anhydride, 

t; 

Hvdro-carbostyril, C^H, < > CO. — Ilydro-carbo- 

NH 

stvril is made i>v tr^-atiiej; ortlio-nitro-hydn^-cinnamu' acid with tin 
and liydrorl!](,»ri(‘ a<'i<b It i> a solid which cr\stallizcs in prisms, 
melting at Ibo". ft is liiime^ting cbielly for the naison (hat it 
is closelv r(‘hU<'d to the important compoiiml (ubich 

s<m) . Wlicn trcatc<] with phos|)lionis pcntachloridc, hydro- 
carlK/-! vril is 4 i?ito di-clilor-f[uinolit)c. 'IMu' signifi- 

cance of thi-. rca<‘(ion \n ill appear later. 


DuVASIC A< IJ>S, 

The simplest acids of tliis group arc the Ihree }>hthalic a<‘ids, 
which are tfie df-carboxyl dmivativcH of benzene, belonging to 
the ortlio, metm, and para series. 


Phthalic acid, > ^ jj^q j 

Ortho-phthalic acid, j ‘ 


^ .C03\ 


— Idithalic 


teid was the first of thc^ three acids of this (ajinposition dis- 
covered ; and, as it was obtained from naphtlialene, it was 
narn(‘d jihtbalic acid. In addition to its formation from 
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rmphtluileiK^ may he mentioned that from alizarin and pur- 

• , •Clio 

piirin ; and from />rtho-toluic a<*id, hy oxida- 
tion v^ith potnssiuin ])t*nnangMniite. * 

Kxperhnent ^ 4. Mix iKi})ht liaiiMK? and 80^^ potassinui chlorate, 
Miul ad(] this iriixtiii'c ijrtfdmdhj to 40 Uh ordinary concentrated hydro- 
chloric acid, Naphthtilcne tetra-chl<)ri«U‘, Cji^lL .( Ij, is forjiied in this 
reaction. Wash with ^vatcr. (rrfidiudlfj add lOofc' ordinary coiiccn- 
traied nitric acid (sj). j^r. 1.15), and boil in a larjj^e retort with upni^ht 
AVhen all is dissolved, evaporiitc the nitric a«d(l ; and, llnally, 
distil the residue. Chtlialie aidiVilridc passes ov(;r. Kecrvstallize from 
water. This will l>e used for other experiments. 

riithalic acid forms rhoinide crystals, which melt at 21 or 
lower, aeeordim^ to eireiinislanees, as, when heated, it breaks 
ui) gradually, evem Iteluw the melting-point, into winter and the 
anhydride wliitdi melts at 128"^. Distilled with liuu\ it yields 
benzene; though, by selecting the right proportions, benzoic 
acid can be obtained : — 

(1) 

(^) 

Plithalic acid is decom|)()scd ])y eiironnh* aehl, yielding only 
carbon dioxide and water. Henee, orlho-x vlcne, when treated 
with ehromic aeid, does not yield phthalie acid. Hy boiling 
ortho-xylene with nitric acid, however, it yields ortho-toluie 

• 1 ^ . . f 

acid, Cyij < and this can be oxidized to phthalie 

acid by treatment wdtli potassium permanganat?. 

^ • 

OO 

Phthalie anhydride, QH. < qq > O, is formed by heat^ 

mg phthalie aeid. It forms long needles, which melt at 128"^, 
Treated w itli phenols, it forms the compoimds known as phtha^ 
leins (which see) • 


- CJI, + 2CO,; 

CV1I,<['JJ;|{ - C,;IC.( (U1 + C (\,. 
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is foifned by ojfi- 


Isophthalic acid, i ^ ^ COM 
Meta-phthalic* acid, ^ 
dizing eitihT iiietM-xylene or inota-loluic acid with 
a(‘id ; by di^lilbiitr tiu*tadH‘nzcm*-disiil})honi(‘ acid witii potas- 
sium cyanide. ;ind t>oiliiig the resuiting dicyanide witii an 
alkali. 


Son: I'Mi: Srt i»i:Nr. Wrife Uu- e<jaati<>iis represfiiring tin* action 
iuvcihaal hi pas^inir from nu‘ia-h*‘n/.i‘ne-disul{)Iu>nie acid to isophthalic 
Mcitl Into \\hicii <iiity<irox v-t>t‘}i/cne is this Mime disulphonic acid 
convertA'd by im ltina it with caii''tu' poia>hV 


'rile aeiil is formed, furtiu'r, t>y treating ineta-siiI{>iio-benzi>ic 
acid with sodium forniatc : - 


C.Il. 


a bK 

S().K:b^') 




l\A (bNa 




( < bK 

(■(.bK (^/0 


I'otassiinn 


+ HNivSO,. 


'I’his rettetion is of impm'tama!. for the naison ttiat the same 
saipho-l>en/A>i(‘ acid, whhdi is thus <M>nvertr'<l into isophtlialic 
acirl. (ran al>o Ih' eon\ert*‘d into one ol^tla* threi' hydroxy- 
beuz<>ic acids; and thus eoniU'ction is established between 
tlie latter and istipldhali'- aidd arnl incta-xylrnc. 

Isf)[)htha}ir aciil cry>lallizt‘s in tha* nceillcs from water. It 
melts aL»o\A* :h»oy and is not converted into an anhydridm 


Terephthalic acid, 
Para-phthalic acid, 


an. 


CO.H 


-d'crephthali(‘ acid 


is foniHMl by oxidation of tin* oil of turpentine,’ (*ynu‘ino jiara- 
xvlcne, and fcfra-t4iluic acid; by lanvting a mixture of |K>tassuun 
pani-suljdio-lamzoate and sodium (br^nule : — 

Putnwwiuni pAra- CMUiw^lum Ure- 

jsulpho-benxoaU*. phUiuluio. 


Thtt prt'rtit iere I# derived frcrni Uie LaUu Urehinthiauji, luriKintlue. 
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« 


Para-sul[>lio-bc*!iZ()ic acid is converted into one of the three 
h5^droxY-l>enzoic aends by caustic ]>otash. lu, the para as weP 

aBJthc rncta .scries, ^tlie lines of connection indicated below bav^ 

« * 

been estaldished : — 


CO., II vSO.H 




C„U4 






( 0,11 

( 0,11 


.('Us 

OIL, 

N/ 


OC).,!! 




Oil 

OH 


o.JL 


SOM 


SO 


II 


*Terephthalic arid is a solid vvliieh is jn'actieally insoluble in 
water. It sublimes wltliout melting and. lik(‘ iso|)hthalic acid, 
yields no anhydridi?. 


lli:xAr>ASi(’ Acid. 

Mellitic ‘acid, Cj:H(,0,d C„iCO,H — llns acid occurs 
in nature in the btjan of the aluminium salt, as tlie mineral 
ho)tetf-slo)u' or 'I'he mineral is lare. and is found \n 

beds of lignite. ^lellitie a<‘id has l>een made hy direct oxida- 
tion of (Carbon with potassium permanganate, and l»y oxidation 
of hexa-methybbenzene. (',.(^11.^),;. I^)y ignition with soda-lime 
it is eonverted into lienzmie and earlion dioxide: — 

’ C,(C()JI), =. C,1J, -f t; (Hb. 

PHKNOI.-ACUDS, OK H Vl)UOXA'-A( IDS OC THE ibONZENE SeRIES. 

• 

It will be rcnieuibered that the aleidiol acids or hydroxy- 
acids of th(‘ j»aratlin scried form an important class, including 
such couiixninds as glycolic, lactic, malic, tartaric, and citihc 
acids. The peculiarity of tluLsc compounds is tlicir double 
(diaracter. They are at the same time aleoliols and acids, 
though the acid pro[)crties are more prominent tliaii tlie alco- 
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holie. "Hie hydroxy-ii(‘i(is of the bt-nzene series bear the satiio 
relatioiis to the lifnzene hytiruearboiis that the hydroxy-acRls 
iiln»a(|y studied l>ear to the paratHiis, '['ht^ shujdost are tkose 
which contain out* hydroxyl and one carboxyl in benzene, 

bavinii: the fornnila r H ; 


MVtN»>-HYl>noXV-IO,N/Ol<’ ( \\\,( 

Salicylic acid, CH 

Ortho-hydroxy-benzoic acid, ' ’ ‘ CO H •: 


Salicvlit’ 


arid ir^ fomai in Ih*' foi'in (»f an iUluae-ai salt of m<*thyL in t(u* 
oil o{* winti-r^reeiK j)iv|»aivd from tiu* l»i<‘Ssoins of tilthrrla 
PS. It is fornird In a number <»f ways, amoni^ hiidi 
the following >}irmld })e .>jM.*ri:dly ineutioued : — ♦ 

1 . l>v <'onv 4 *rting ortho-ainido-benzoie aeu.l into tin' diazo 
eoiiipomid. and boiling with water. 


XoTt: roit S 1 1 in N r. - - ( iivr ija* equations rcprt'stnitin.'^ the re- 
actions. 

2 . Rv nu’ltinir <'rthf>-.-nlj>ho-bi'n/oie aoid#wit!i canslie [>otasli. 
XoiE Fon Sn OEM . — Write tin* <*qnation. 


«>. Rv {Kissing carbon <iioxide ovi'r soilinm ]>henolat(‘ iieated 
to 180 "’ ; ™ 

■i t »\u 4 - < <>. -= ejj, < -f (’,, 11 ,-, on. 

cn.>a 

-t. Hv licaliiii; iilit nni with tctin-clilitf-KH tliaiM^ iilcoliulic 


• OK 

(VII-,.(jn + 0-1, 4 KOil = ( Vip < , f 1 KCl 4- 1 ICO. 

» ( ( ) . K 

h. By saponifying the methyl salicylah? foiiiui in oil of 
wintergreen : — 


C'»H4< 


OH 

CO,Cil; 


+ Kon cqi 


■d "4 


OH 

eu.K 


4 - CH.,OH. 
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Experiment 75. Hoil to oil of winter^reen with iriocler- 
blrout; caustic potusli in alla.sk comicctcaU with an inverted con- 
denser. When it dissolved, acidify with hydrochloric acid. Filter 
off tfte saiicylie acid wliich separates, and recrystaUize from \fater. 

E\'p<*riiiient 70. Dissolve 80^^ sodium hydroxide and 40’ phenol in 
water in f! litre hask, arrantced as in Fitit- 17. If tlie mixture is 
cool, hegt to .j 0- (>0 , and reniov(‘ the llanie. Slinrlij add d0« e)dr>roforin, 
shakinit the mixture f(^rs(‘veral minut(*s aftereach addition. d1ie mix- 
ture itradually becomes dark colored. An hour or more may be required 



to complete ilu* addition of all the chloroform. When the action is 
over, boil for an lionr, and then distil off the excess «)f chloroform on 
th(^ \vaterd)ath. Acidify with dilute hydroeldorie acid, when a thick 
reddish brown oil comes dof\ n. Di.^oil in steam as in FiXp. d7, until the 
distillate no lonjj^er appears in milky drops. A li»iht-eolored oil con- 
sisting of salievlic aldeliyde and j)henol settles in the receiver. Decant 
the supernatant water. Extract witli ether, and ('oneentrate tlie extract 
by evaporation in a water-bath. To the eoncoutrated extract add a satu- 
rated solution of mono-sodium sulphite (freshly prepared by dissolv ing 
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40« sodium sulpiuto iri hot water, eoollug llie solution, fiiul satu- 
ratiioj: with sulpluir (4oxidt‘). Shake the rnixlure 8 or 10 times, 2 jr 
vl niinutes at a ti!ue, for half an hour; then allow^it to staiul lor sev- 
eral h(iurs. The akleliyde unites witli tlu‘ snli>liite, -formin’'#sinftil, 
jirlisteutnir, white ervstals, while the phenol renutins in solution in the 
etlier. Filter with the aid of a i)nmp, and wash the crystals witli alcohol, 
riien treat the crystals on the vvater-hath with hydian^fdorir acid, wln^ 
salicylic aldehyde is thrown down. Extract eoinphdidy with <‘t^ier, sepa- 
rate the two solutions, and evaporate the etln r. 

In an iron <a* silver di>h. melt ihis' euust ic potash; remove the lamp; 
and add the salicviie aldehyde drop hy drop, slirrinir emistantly. Tin* 
potassium salt of salieylie aeul is tluis formed After the mass is 
cooled. di>^olve in water, and pro/ ipitate tlu- salicylic :n‘i<l with dilute 
hydro( hloric acid. Filter, wash yy tili cold yvater, and purify by reerys- 
taUizinir from yvater. 


The action of cliloroforiii on phenol in the presence of causti(.‘ 
soda is analoo<>ijs to that of tetra-<'hlv>r-iijethane. It wilt be 
undci'Stooil vvitit tiie aid i.d‘ the foliowino equations: — 


(1) (VH .OH + C iK'C + nci; 

‘'‘"■d’i'.'cL + uliml), + 


( 3 ) 


cac * = CfiiC • ' * + n.,o. 

<ii(()H), cno ' 


This reaction i.s of oemaal applicalioti to })licnols, and alTord.s 
a very convenient nictho<i for the preparation of the |)lienol- 
acids. 

Salicylic acid f rystallizes from hot water in One needles. It 
melts at loo' Idi^. 

When heated, it breaks up into phenol and carI>on dioxide: — 

C«H,<J^JJj^ = CaC.OH + CO,. 

With ferric chloride, its aqueous sohition i^ives a charaeteristic 
dark violet-blue color. Free salicylic acid is antiseptic, prevent* 
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ing decay and fernientution. It is therefore used for preserving 
Organic Bubbtunces. 

*8t4ii(*ylic acid forms salts of the general formula <?; ^ ? 

and, with the alkniies, compounds, in which both the phenol liy- 
^Irogen and Ihe acid hydrogen arc replaced by metals, as 

( ’,.11^ < . 8jdts of th(? latter order, which coiitain the 

metals of the a]k'aliiu‘ eajdlis, are decomposed by carbon 
dioxide. Salicylic* ;n*id forms etht,*real salts of tlie general 

ft)nnnla , of winch methyl salicylate, fV^b<r/w‘rr > 

is tile liest-known exajuple. It forms, also, ether-acids of the 

g^Mieral fonnula | finally, compounds of the 

genernl forimila r,,H, < 

A very largi' number of siibstitntion-tiroduets and other 
derivatives of salicylic acid luvvc been studied ; but they need 
not be considmasl here. 

That salicylic acjd l)(*longs to the ortho series, follow's from 
the following facts : — 

Ortiio-tolncne-suiphonic acid Inus been converted into ortho- 
Biilpho-benzoic acid, and I iris into salicylic a<;i<l. FnrtlK*r, the 
same toluenc-sulphonic acid has liccn convcilcd into ortho-toluic 
^•t*id, wliich, by oxidation, yields phllialic acid. 


(1) 

80,.n(^d 



Ortlio-ioluc'iKSHuljihonic 

Ortho-Bulpho-bt'iizoic 


acid. 

acid. # 

(2) 




Fotaaeiun) salicylate. 

(3) 
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(0 (yi. 


('ll:, 

ON 


-f- 211/) = ( ,H4 


Cli, 

CO,H(<>) 


OrlhO'toiuic icid. 


4-NH.; 




Cll 

VOMiu) 


+ :>0 




COJl 

COJI(a) 


Flilhallc aold. 


+ iw. 


Oxybenzoic acid, i r H 

Meta-hydroxy-benzoic acid, > '' ‘ " CO.Hc/h)’ 

iu-id Huidf fjoni M)cta'ynii»io>-i>i.‘JiZ(>i(‘ and uu*ta~>ul[»}u>d)onzoic 
acid V'v the usual reactions. 

It crystallizes (Voin water in !U‘t*(llc?> united to rorin wart-like 
looki^^’ inasstos. It ^ives no colo>r with fci‘ri(‘ <‘h]oride. Its 
conneotion with tueta-[>htli:iiic (i.>o|»hthaiic ) acid and ijU‘Uoxylcne 
is etTva ted ty means nt the transformations tahnlated on }>. ; 

that is to say, tie* same sulpho-henzoic acid which, hy melting 
with caustic [)o>tash, yields oxyhcnzoic* acid, hy melting whtii 
sodium formatoa yi('l<is iso»|.)liUiahe acid, 'riicrefore oxylxmz^dc 
acid is a meUi com[)< uind. 


Para-oxybenzoic acid, ) ^ xx ^ OH 

‘ fO.pT 

Para-hydroxy-benzoic acid, 1 ‘ CO.H{/>>* 

oxyhcuzoic a('id is loinicd from tlie corrc^jiondiug amido and 
sul])lio-hcnz^>ic ncid> : hy treating various t'(‘sin.s with eansl^ic 
jiotasi] ; tj’fuu ainsi<' aeid (whiidi sei*). lo heating witli hvdritHlic 
acid: by heating [)ota.ssium jiheuolate in a ciirrtujt ‘(>1’ (‘arbon 
dioxide. 

]SoTK roe. Si^ujKvr. — Notice the fkcl that . while |>he!K)latc, 

when Jicaoel in a cm rent of cartH»n ilioxiihe yields saHeylic^ acid. 
potasmum pluaioiate. under ilic .same cir?, inn stances, yields para-oxy- 
benzoic acid. 

Its aldehyde is forrncil, togetlier with salicvlit^ aldidiydc*, liy 
treating phenol with chloroform and caustic soda (see Exp, 76). 
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Tlie reasons for regarding j)ara“Oxyl)enztnc acid as a rneni- 
)%tn* of tile para s(‘ries ai'c similar to tlic<?^e winch show that 
oji)’i>enzoi(* a<'id i# a nn‘ta (‘(>ni})ound. I'he same sulplio-henzoic 
acid which yields para-oxyiienzoic acid, also yields terephthaiic 
acid. 

I OeH. < oca . _ 

Para-methoxy-benzoic’ acid, ‘ CO.H(/>) 

acid is formed liy the oxidation of anethol. (\1I, < a 

phenol etlier contained in anise oil. It is made ]>y heating 
para-oxyl>en/<)ic acid witli eau^tic pota-sii and methyl iodide. 
As the formula indicates, it is the methyl ether of para-oxy- 
Ixajzoic iu;id. 


1 ) I - T i Y I na )X y - n i : x zoi c A m i > s . ( ’ d 1„( . 

Protocatechuic acid, I frequent product 

of the fusion of oigaiiic snbstama's with caustic jiotasli. Tims, 
the following snhstancc.s. among others, yi('ld it: oil of cloves, 
pi|K‘rie mad, cuteehin. gum benzoin, asatVetida, vanillin, etc. 
It is made from sulpho-o\ylHaizoi(‘ acid, and from sulpho-[>ara- 
oxylienzoic acid.s ]>y fu.‘<ing with (‘austie potasli. 

Notk for SriDKNr - What analoav ilu n* hetwoen the fact tliat 
|)rot(»cjitcchnic acid is fonned fnun sul(i!io oxvlxaizoic acid and from 
.S4ilph<vpara-oxvbenzoic acid, and Hr’ faci that pscndocumenc is foniied 
from hrom-mcta-xylcnc and from )»roma):**’a-xyU'm.‘? Wliai conclusion 
may ho drftwn ri'gardina the relations of the two liydroxyl groiip.s, and 
tlic carboxyl in protocaltadniic acid? 


By distillation witli lime, protocatechuic acid Jireaks up into 
tiyrocatechin and carbon dioxide : — 


f on 
CR, ] OH 
( ( '( >211 


C.M. } + CO, 

Pyrooiitfchin. 


1 AfrtAoaa/ is derived from 07//, the name given to tl»e etijer group, OCH3. In 
a «imliar way OCdl,; in culled ethoxyl ; phemtxyl^ etc. 
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f OCHn 

VanHlic acid, eMs 1 OH . fonnvd by oxidation <4 
( CO H , 

vaniilii?, which is iln' corresjmiMUijc akU'hy<li‘. It is tho woiio- 
mcthyl ether of Rroloeateehuie acid. 

/ I OCHa 

Vanillin, C.H.Oi OH h natuve, as a 

^ m J CHO ^ 

erystalline coating, on the fruit of the vanilla. It is inad( 
artilieially by treating tJie ether. ( v^ll^ < with 

and eaustie soda. 

Tiu-JiYouoxv-iu.NZon Ac ids. ( VlItAv 

Gallic acid, GHO ' C,H.. | — (•idlic acid (hcmIh 

in 8iinia(‘h, in ('hines(‘ tea. and in many other ])iaiit8. I*t is 
b>rined ]»y i>oi]inir tannin or tannie a<‘i<i witli snljihnrie aeid ; by 
rneltiin^ V)roin~|irotocatiM-huie aeid with eaustie potash : — 

eHr 

C,,!! . ' 4- KOII = < Jl, \ ’ + Klir. 

T i r < > n > • p r< t ^ ‘c ; e < t h u i <: ( i a 1 ! i c u<.- i iJ . 

It is best |)re[>ared from gall nuts by f(*rmentation of tlie 
tannin tsintained in them, 

(billie aeid is easily soluble in water. Its .solution give». 
with a little bu’ric* chloride, a hlu<*-biaek jijeeipitale, which 
dissolves in exct^ss of lerrie eliloridcN forming a dark green 
sohitiou. It nafflily reduc'es metaUic salts in Bolution. When 
laaited, it pyrogallol {[>yrogallie aeid) and carbon di- 

tv,n. { == (ae(OH), + ccv 

Tannic acid, tannin, CjiHn.Ou. — 'rhis sulistance occurs 
in gal! nuts, from which it is extracted} in large (juautities. It 
is an amorphous [K>wder. It is markedly astringent in its imtion 
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on feho imiooiiB inoinbraneB. It in 8oln])lc in water, the Bolution 
giving, with feVric chloride, a dark ])lue-l)hA*k color. Tannin is 
n{*C‘d exten8iv(‘ly uuMlicine, in dyeing, .and in the manufacture 
of inll. Its r( lation to gallic acid is indicated by the following 
(‘quation. : — 


2 (':lUh 

{ i alli«! ai‘iu. 


4 - ICO. 

"raniiin. 


Kktonks am> almki) Dkiuvativks op xhk Bkx/.fxf. Serifs. 

The ketoncH of tlie lien/ene series art‘ strictly analogous to 
those of thi^. i^aradin seriivs, and tliey are made in the same way. 
Acetone is ma<le l»y distilling calcium a(‘etate : — 

( II.-COV) ! 01 f 

Cn;,;Y'()() 


C:v 


( H, 

At’tY('n{ 


CO + CnCOa 


.So, -also, Ix'iizoplionoiu* or (liphenyl-ki-tono is made by distill- 
ing calcium benzoate : — 


CJC-COk) . 
CJI.i'COO 


CilC 


Cal = " ■‘"’X O -(- CaCOa. 

C,dl, 

- l><.*n 7 . 0 ]'benone. 

Further, by disliUing mixtures of the salts of two fatty acids, 
mixed ketones are ol)taine<l : — 


cjjJiOini 


cn> 


Kilivl-moibyl 

fctOlU', 


CO - 1 - MY O3. 


And, similaiiv, mixed ki'tuncs containing one residue of a 
benzene hydrocarbon and one of a paratlin ; t)r, twi ditfereut 
residues of benzene liydroearbon.s can lie obtai-yed thus: — 

cyc.tooM ^c«n,,. 

CII;,.COOM CTC 


(1) 


CO + M.Ws 


1 -^) 


CgH, .COOM 

(^'IC 


^ rhcnytnu thyl kotoue, 

Arciopbt'HoiH'. 


CJI. 


cdc < 


C O -h l\l,CO,. 


COOiAI 


0 ,- 11 : 

IMienyCtalyrkctono. 

The individua! ketones need not l>o considered. 
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DKK1VAT1VE8 OF THE BKNZKNK BEUIES, 


Ql'lNONKS, 

I'ho qninoiU‘j> are ijoeuliar bodies wliieh in some Avays are 
allied t% tlie ketones, 'riie* sim|>lost example' of tlio elasj^ mThI 
the one lu'st known, is ealied <ininn}ti\ Its foiiuuln is ('ull/b, 
and it therefore ajjpears to bo ben/.eiio in whieli .t 've» hydrooiai 
atoms are ri*[daeed by two oxyjjfen abnns. All <]unn)ijes ])ear 
this I'idation to the liydroeurlams, of which they may be re^ardial 
:is derivatives. 


Quinone, C„H,0., is fonm'd by llie oxidation of <|uinie acid, 
hydroipiinotir. |>ara-diami<lo-be*nzcne, ami some e>thi'r bt'iizmu* 
derivativi'S in wliieh two '^ubsliuitiiio crou[>s oeen})y iht' j^ara 
positimi relatively to each other. 

It foriiis loIlL^ yellow [»risms ; sul)lim<'s in golden-yellow 
nets lies. 

0 Jlydriodh* aeid icdm-cs (piinemt* to hydro<|uiuoni' : — 

( ,llyb -f 2 MI ( JIdOil), -f 2 L 


Tlie easy transfurm.'dion of jjydroquinone into pninone, and 
the o|i|K>site transforma! ion of (punom' inte> hydrocjtrmoiua as 
>v»'Il as the formation of quinone from other {>a)’a (‘om{>onml.s, 
fr»reo ns to the ('onehish)n tli.-u th<‘ oxygon atoms in (juinenn' 
are in the para })osilion relatively to eaeh <*ther. f^htinom* 
a{>pears. thv'ia'feco*, as a >ub>l;ua*c eontaining two ne/*//o/o// 
gronj)s which are unitid hv imatus of hy<lroeurboii residues, 
as indicated in the foi inula, — 


C’lL 


( <). 
CO 


( Jf, 


(> 

c 

ik; ( fi 

i 

UC (Ml 

('■" 

O 


A substance of tin’s kind inav be called a diMetone^ and may 
be regarded as derived from a dibasic acid in tlie same way that 
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ii simple ketone is derived from a m<)iK)basic acid. Thus, the 
chleium salt of an acid of the formula ought, ac- 

cofdiug to this view, to yiehl (luiuoue by distillation : — * 


/i n ^ 

y >ba 
!t ’( )( ) 


C.II. . 

- '(()() 


( JL<^;^'>Con, -f 2CaC(X. 


Several ipiinoiK/s have hevn studied. riuh'r the head of 
AiitliMUM'ue, we sliall meel with an im[)ortant one called ardhra- 
(jainone, which lias biam ma‘le hy such reactions as prove it to 
l>e a di-ketone in tlu‘ s<‘nse in whi<‘h this expression is explained 
akove. 

kvh'ioiNi; livsKs. 

In the manufacture of bone-ldack. l»oues ai\‘ sul>jected to dry 
distillation, when an oil passes over which is known as bone oiL 
This oil is a conij)l(‘\ mixture of >iibj^tanci"^. stwcral of wdiieh 


liav(\ hcovcvcr. bc(“H isolaled. Among th(‘ juirc substances 
whieh have been obtained from bom‘ oil may l>e mentioned 
P3'ridine, [)ieoline, lutidim-, and eollaline. .Vll these eompounds 
eontain nitrogen : and, starting with pyridine, they form an 
homologous series : — 

Ibridine C.^IbN, 

IMeoline CV.lbN. 

Liitidine Cfll'>N. 

Collidine CdtiN. 


Pyridine, Cr,H,N. — Besides being formed in the distillation 
of bont‘s, pyridine has reeently been made in several ways, 
some of whieii (cnal)le us to form a eoneeption in regard to 
its relations to other substances whieh have beei^ studied. 
Great interest in the substanee and iks derivatives has been 
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aroused by the observation that several of the alkaloids which 
occur in nature, such as (|uinlae, cinchoaiue, nicotine* etc., 
when oxidized, yield acids containing nitrogen, which bear, to 
pyridine tl)e same relations that lanizoie, phtimlie acids^, etc., 
bear to benzene. Tims, by oxidizing incotine. nicotinic acid is 
obtained. This lias the formula (\d b ; aiuT when distilled 
with lime, it laeaks up into pyridine and carbon dioxide : — • 

C',ll,N( b C,ll,N + Cih. 

yi<:otluie luMtl. I'ynWiUf. 

This naturally haids to the eoneiusion Unit nieotinic acid is 
pyridine-cai boiiic acid. ( .f I4N .(’(bll. wliieli ]>cars to |)vridine 
the satne relrttion that benzoic acid bears to benzene, acetic 
acid to marsh gas, etc. 

Pyridine is bnaiual : — 

1. l>y treating iso-amyl nitrate with phosphorus })entoxide ; — 

^ ( + b lU). 

*2. Py (’onducting ac<*tylenc and hydrocyanic ueiii together 
through a tul>e lieated to oahn^ss : — 

2 C.U, + H( N tyi,N. 

It is a liquid with a p(‘cnliar. sharp, characteristic fxlor. It 
I mils at 1 

It unites witli a<‘i<ls forming salts. 

it has been suggested tliat pyridine is related to ]>enzeno *, 
and that it should be regarded as the hvdrocaiTon in which one 
of the six (TI groups i> re|>laced by a tiitrogen Mtoin, as repre- 
sented in the fonnulas 



H 

n 



C 

,c. 

HC’/ 



cn 

CH 

i 

1 and 


! 

HC 

X /C’H 

C 

H( 

X'H 


N ' 



H 
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This viewhan snggcBted varionB lines of investigation. Thus, 
if%the al)ove fonnnla renlly represents the relations between 
benpzene and i)vri(fin(^ it is (dear that the existence of^tlm^e 
isomeric inoLio-Hul).stitntion |)ro(hicts of pyridine ought to be 
possible. Tims, there should Im* three nictiiyl-pyridines or 
picoHijes, tiirci' pyridiiu^-(r.irlK)nie adds, etc. /rhe three pieo 
lines Blionld corres[)ond to the formulas 


u 

11 

CH, 

lie CH 

,c 

IlC^ C.CH, lie 

C 

"CH 

HC C'.CHi 

N 

1 1 

HC CH HC 

^ X" 



Piira 


All three pi<‘olines a 

re known; and. V)y oxidation, they 


converted into the three pyridine-carlumie acids, .CXbli ; 

and these, wlien distilled with linie, yield pyridine and carbon 
dioxide. 

The^ pyridine bases iinit(‘ with two, iVnir, or six atoms of 
liydrogeii. Tlu^ ndTlitioioprodncts thus I'oiincd are believed 
to exist in tlu^ alkah »ids. 

Piperidine', (VjluN, a base found in [)iperine, a constituent 
of pepj)er, has been shown to l>e hexa-hydro-pyridinc. 

Nieotine is prol)ably of similar structure. 

X^alual)le resiiihs may be expected from the further investiga- 
tion of lyyrkline and its derivatives. 


Teupexes, CioHifi. 

In nature, particularly iUgthe coniferous plants, oeein* several 
isomeric hydrocarbons, which are known by tlu‘ common name 
terpene. These sni)stances arc very susceptible to the action 
of reagents, and lienee undergo many changes. One of the 
most common clianges is polymerisation. Thus, when a terpene 
is heated in a sealed tube, or is shaken with eoneentrated sul- 
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phiiric acid, or with boroo fiuoridc and other >snl)stanccs, it is 
converted into |>ofvmeric inoditications of the fonmilaa Cj5ri24 
and d'he terpenes unite with hydrOeliloric? and^liydro- 

broini(* acids, forrning compounds, C,oIIic.iKd and Ciolli 6 *di IlCl. 

Oil of turpentin€\ terebenthene, — This oil is 

obtained l>y di‘,til[iiig ttirpcutine, a resinous substance wliicli 
exudes from ineisb>ns in the bark of various species of the 
pine, larch, fir, etc;., especially the pine. The oil consists 
largely of a hydroearlum, ( The oils obtained from dif- 

ferent s|)eeies of trees diflVr >oine\vh:it in their pro|)ertii‘S. 

Among tile mor(' interesting ehemieai iransformations of oil 
of turpentine, tlie following may l>e imujtioned: It absorbs 
oxygen from the ai)*: dilute nitric acid oxidizc‘s it readily, con- 
verting it into acetic, pr<;pionjc, butyric, oxalic, |>ara-toIuic, 
terephtlialic acids and some other a(‘ids ; ])romine and iodine 
convert it into cymeiie. 

Oil of tur[)entitu' is used in tin; manufacture of varnishes on 
account of its solvent j>o\va‘r for resins. It is also used in 
iiK'dieiiie. # 

The reactions al)ove emirneratcMl indicab‘ (‘learly that there 
is a close relation l)etween cymem.^ and oil of turpentine. This 
is shown h\ the fact tliat it is so readily eon verted into cymene, 
and that it yield.s para-tolnic and tere|)litliali<; acids hy oxida- 
tion. It has therefore la-en suggested that oil of tur|)eutint; is 
a hydrogen addition-juxxiuct eymene, of the fonmila 

ciu 

HC'^ CHj 

J. ' 

fltv • /CH, 

'C < 

Call, 

Our knowledge concerning the isomerism of the 'terpenes is 
as yet incomplete, though of late much light has been thrown 
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ii][K:)n this chapter of chemistry, and we may confidently look 
fmr further interesting results. 

• • 

Terpene hydrochloride, 

Artificial camphor, 
acid gas is ccnidnctcd into oil of turpentine, a curious solid 
kifown arti/wiid camphor is formed. It looks lik(‘ ordinary 

camphor, and ims a very similar odor. When heated alone, or 
with l>as(‘s, it gives off liydrochlori{; acid, and a terpene different 
from the oil of turpentine is formed. 

CAMriIOR. 

Borneol, Borneo camphor, Cu.H,>.0. — Borneo camphor 
is a sal)stance found in cavities in a tree {^l)ry(dHdanopH cam- 
phora) which grows in Borneo, vSimiatra, etc. It can be made 
by treating ordinary camphor with sodium : — 

2C,oriiGO + 2Na = C,Jl,;ONa + 

Ordinary Sodinin coni|K)iiiid Sodium roinpoiind 

caniphof. of uormul. of ordinary 

tuimplior. 

• 

The relation between tim two kinds of camphor is shown better 
by the equation : — 

f -f II, - tVi^sO. 

Ordinary iJornool. 

caii.olior. 

Camphor, laurinol, CiuHuiO This is the substance ordi- 

narily called romphor. It is obtained in Cliina and Japan from 
different S])ccies of the genus camphora of llie Riurvs family, by 
distilling the finely-cut wood with water vapor^ It is purified 
by sublimation. 

Camphor foiins he:^agonaI crystals; melts at 175®, and boils 
at 204®. It is only slightly soluble iu water ; easily soluble in 
alcohol. 

Boiled With iodine, hydriodic acid gas is given off and cymenc 


I CtfMw • HCl. — When hydrochloric 
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is foimed. Phosphorus peutoxlde decomposes camphor iuto 
c) mene and water — 

- CioHu + H,0! 

Oatnphdr. ('yrneiu*. 

The same decomptisitioii is elTocted l>y heating cainplior with 
concentrated IiYdrocliloric acid to 1 7(P. It will be seen tlmt, 
as far as the composition is conct'rncd, the difference betwerm 
a terpene and cam[)iior is one atom of oxygen : — 

t lolfie 

Ter^Kno 

The relation })etwi*en the substances is undoubtedly a close 
one, as is shown by tlie formation of cynume from both. It is 
stated that a snlistance idosely resembling camphor has been 
made V>y oxidizing the terpeiic known as rnmphnie, which is 
formed by shaking oil of turpentine with sulphuric acid. 


Co.HuiO. 

Camphor. 



CIIAPTKFt XVI. 


DI-PHENYL-MBTHANB, TBI-PHBNYL-MBTHANB, 
TBTRA-PHBNYL-MBTHANB, AND THEIR 
DERIVATIVES. 


A& wc h.ivc sct'n. tohuMie may lie r(?£!;ai(k*(l either ns inethyl- 
huni-A-ne or phenyl-mettinuo. Of eourse, according to all that 
is known regarding similar .snl)st'gnccs, tlic two views are idcuti- 
ctil. Regarding it. for our presciit jniii>ose. as phenyl-methane, 

we may write its 1‘orinnhi thus : <' 

■ i il 

This suggests the |)ossil)ilitv of the e-vistence of such suli- 
stanees as 

j C;ll, 

Di-pheityl-'iiu'thane C’ i 

II 
’ II 



Tri-phfini/l-iiiMhune 


C 


CV.M. 

t,,II, 

Coh; 

H 


. (' CdH, 

Mild Tetra-phentil-methane. C < ^ 

• • m. 


All these hydrocarbons tire known, iiiid the derivatives of 
tri-phenyl-^nethane aie of special iutc^*e>st and importance. 

''rhere is one reu(‘tion by means of whiidi tliese hydroearlions 
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can be made very readily. It has also been used for the synthe* 
sis of many other hydroearl>ous. It <le|)eiids upon the remarK- 
able Aiet that, wiieu a hydroear]K)u is broilght togetliey ^th 
a compound coutainitig chlorine, and aluminium chloride then 
added, hydrocidoi'ic' acid is evolved, and union of the two 
substances is etTected. tlu* aluminium cliloride not entering into 
the com[K>sition of the |>r<Hluct. Tims, when benzene and 
benzyl chloi idt‘. b are bnmglit logiTher under ordi- 

nary cireiuastances, no avtion lakes place ; but. if some solid 
aluminium eliloride is added, reaction takes place according 
to the following ecpiation : — 

(yi,.( ILd -f- ( ,ll, ( ,IL.( il .( ,11, + HCl, 

' I H-phi'i)y!-ni« tlKUu^ 

and di-phenyl-melhane is bu iinsl. 

Similarly, when chl<n-o(V>rrn and b(*nzcit(‘ art* brought together 
in the presence of aluminium chloride, tri-phciiyi-methaiie is 
formed according to this (Mpialion : — - 

ClK l;: 4- •KV.Il, XT. ('H(( ,IIV), -f lid. 

'rnpli*nyl-tii*‘tliuiH*. 

Another method by which tla-si^ liy<liocarbr>ns can be made, 
consists in heating a chloride an<l a hy(lro<‘arU>n together in the 
presence of zinc dust. Thus, henzyl chloride and l)enzene give 
di-phenvl-me(liaiK‘ when I'oiltMl witii zim* rhist ; and behzal 
chloride, ( V.IbT'HClw. .and l>enzene givt? tri-pl)cnyl-methane : — 

CJI,.CIK L T - ( Il{( ,;Ib). T HC^l. 

Only tri-phenvl-|?ietliaiie will be taken up here. 

Tri-phenyl-methane, CH(C,H AJ. — Thi.s hydro 

cartK)n ('an be mad(^, as above desf^rilud, fr(^m benzal ehlo- 
ride and benzene, and from chloroform and benzene. It 
can also be made from benzal chloride and imneury diphenyl, 
HgCCell.),: — 

AIC-CHCl, + Hg(C«lC)s « CII(CsIC)3 + HgCl,. 
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, It forms lustrous, thin laminai, which melt at 92®. It is 
iiMoluble in water ; easily soluble in ether dud <*hloroform. It 
is crystallized best? from alcohol. 

Towards reagents it is very stabh*. Thus, ordinary concen- 
trated sulpliurie. acid does not act u[K>ri it. r 

• ... I C H 

Oxidijing agents convert it into tri-plienyl-carbinol, C t 

t OH 

That the oxidation-product is really tri-phcnyl-carbinol a|)j)cars 
[)rol)ab]<‘. from tlic fact that whemoaa* aromatic liydrocarbons 
which contain j>araltin residues are oxidized, the |>araltin resi- 
dues are first attac*ked, while, as a rule, the benzene residue is 
uuaete(l upon. 

•Trinitro-tnphenyl- I. c,„H,,(NO.):,[ - CH(aH,NO.),], is 
methane, 

formed l)y treating f i’i-t>lu*uyl-methane with nitric acid; and 
also l>v treating a mixtnrc of intro-benzcnc and chloroform 
witli aluminium chloride : — 

vnc\, -f ;u,n,.N(T ==: cihc’oH^.no,), + 3iiu. 

This reaction sliows that in the tri-nitro pioduct one nitro group 
is eontaimal in each benzene rcsidn(^ 

Triamido-triphenyl-methane, para-leucaniline, 
CH(aH, . NH,),]. 

The tri-amido eoni|>ound is made by ivduction of the tri-nitro 
eoniponiul, aiul also by icduetion of para-rosaniline. It is 
converted into para-rosaniline by oxidation. 

Aniline Dyes. 

Tlie well-known substarua's included under the head of Ani- 
line Dyes are more or less simple derivatives of the two 
com])onnds called ro,san?7//iC and ji.^am-ro.saa//o<c. 

When mixtures of aniline and tolnidine are lieated together 
with ditferent oxidizing agents, sucii as arsenic acid, stannic 
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cliloride, mercuric chloride, etc., several substances are formed, 
the principal ef wWch are the two above named. Para-rosf^b 
line, (JicJIis^rA is formed from para-toluidiueUnd aniline, accord- 
ing to the equation, — 

2 CeH;N -f C’dl.X + aO = (-loHwN.O 4> 2 ilfi. 

Auiline. Toluidiue. I^aru-roHamliue, ^ 

Rosaniliae, CajHsiNjO, is formed in a similar way : — 

CalljN + 2 C,ICN + 3 1) = < + 2 IIjO. 

Aniline. Toluidine. Ro«aniline. 

The composition and modes of formation of the two sub- 
stances show that rosaniliae is a homologuc of j)ara“rosaniline, 
the relation between the two substances being represented by 
the formulas CrjHj^N .O and Cj^nisfCHalNX). 

By treating para-rosaniline with a reducing agent, it is con- 
verted into paradeucaniline, wliich has been shown to be tri- 
amido-triphenybmethane : — 

^ ' c fix . X Ho 

C«H„Ny > + II,, = C,,,II„N, = C '+ ICO. 

Para-ro*ani- Para-lfiic- ^ M * ^ 2 / 

line. aniline. v 

We see thus that para-fosaniline and rosaniliae, which are 
the fundamental comiK>unds of the group of aniline dyes, are 
derivatives of the hydrocarbon tri-phenyl-inethane. ^ 

Para-rosaniline, Cu^HnNa. — The formation of* this sub- 
stance by oxidig:ion of para-leucanilim* and of a mixture of 
toluidine and aniline was mentioned above. The relation 
between panvtosaniliTie and para-leucanilinp is probably ex- 
pressed by the following formulas : »— * 

f QH. [ CyX.NH, fQlX.NIL 

CH C,Hs CII ('«IC Nn, f'(OII) j (yi^.NH,. 

ICeH, IC<,H,.NII,, UVjy.NII, 

Tri plu^nyU Para-le«caniline. TrJamido trlpheoyl*c«rl>i«ol, 

mc*thau«). or Pam rOfinnHinc. 
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Bosaniline, C^HiiNaO. — This is the principal constituent 
o^coiuinercial fuchsine. it is formed by o^Vidizing a mixture of 
aniline and toluidiae : — / 

QH.N + 2 CVH,N +30 = C^^N,0 + 2 HgO. 

l£^perlineQ^77. In a dry t«st-tube put a little dry mercuric chlo* 
ride and |i few drops of comiiiercial aniline. Heat over a small flame. 
Dissolve the product in alcohol, with the addition of a little hydro- 
chloric or acetic acid. The beautiful color of the solution is due to 
the presence of tlie hydrochloride or acetate of rosaniline. 

On the large scale, the oxidizing agent used is arsenic acid. 
Care is taken to remove all arsenic acid from the product, but 
it IS nevertheless sometimes found in tlie }»ro(liiets obtained in 
the market. Rosaniline crystallizes in needles or plates. It is 
very slightly soluble in water ; more readily soluble in alcohol. 
It forms three series of salts with monobasic acids. With hydro- 
chloric acid it forms tlie salts Cof,II,r,X;j. IfCl and 3HCI. 

The former is the substance known ns fuchsine^ though some of 
the fuchsine met wdth in the market is the acetate of rosaniline, 
C2<,II].3N;{.C3 Hi 02- The formation of the salts of rosaniline takes 
place as represented in the following equation : — 

C(OII)(C,II,.NIl2)3 + IICl == C CoH^.NHo. 

Para-ro^umline. | [ . Hd 

! I 

• Para-roj?aui]ine hydrochloride. 

Fuchsiye and the other salts of rosaniline dye wool and silk 
directly. For dyeing cotton cloth, however^ a moi^dant is neces- 
sary. • 

Dyeing. Animal fibres, in general, are colored directly by 
dyes ; that is to say, they^have the power of forming wdth the 
dyes stable eompouiicis which adliere to the fibres. This is not 
true of vegetable fibres, as cotton cloth and linen. Hence, in 
order to dye the latter, something must be added of such a 
character that, with the dye, it forms a compound wliich adheres 
to the fibres. Substances which act in this wniy are called 



320 


I)I-PHKNYIv-METHA1!4E, etc. 


m/rd(mts. Among the Bubstanoes used as mordants are alu- 
minium acetate, feiiic acetate, and some salts of tin. 

Experiment 78. Make a dilute solution of pferic acid by i^issSlv- 
ing to 'M in 20tK'' to water. In a j)orlion of it suspend a fo\v 

pieces of white yarn or iiaiinel. T1 j(‘ iroolh n material ill be strongly 
dyed yellow'. In another portion suspeinl a pie<UM>f ^ordinary cotton 
cloth. And in a third portion introduce a picu e of cotton cl6th which 
has been soak<‘d in alnininimn acetate and afterwards partly dried. 
The aluminluiu acetate can be made by treating a solution of sugar 
of lea<l with enougli of a solution of alum to pivcij)ita(;e the lead, and 
then filtei ing oil* Ute lead sul}>hatc. The unprepared cotton cloth, 
when removed from the picric acid soiidoju and washed, will be found 
to he only slightly coiorefi ; w hereas, that piece which was soaked in 
the inordant will be found to !)e strongly dyetl. Similar experiruenl,s 
may be made with fuch'^ime 

Among the siin})lt'r (vnilim* dyes are Mu* following: — t 

HofiuaniCs T7o/c/, This is eitluT the hydrochloric acid or 
acetic acid salt of tri-inethyl-rosainlim*. It i.s imidc hy heating 
together a salt of rosanilitie, methyl iodide, methyl alcohol, and 
caustic i)otash. 

Iodine (irt'en is the iodide of ijenUi-methyl-rosauiline. 

Aniline Bine is tri-pheayl-rosaniline, V,11V):?N'., which ia 

formed by heating salts of rosauilitie with an exuaess of aniline. 

IbniJAbiTNs. 

In speakiTig of phtlialic anhydride, it w^as stilted that wl)^?n 
this suhstance is treated with [)heaolB, phthale'ins are formed ; 
and. in s})eaking of resor<-in, a markedly llnorescent Ixuly was 
inentif>ned a.s be^ng formed when piithalio acid and resorcin are 
iieated together’. 

Phenol-phthalein , —'^Wiis substanee is formed by 

treating a ipixtiire of [dumol and phthalic anyhdride with sub 
phuric acid or some other (hdiydrating agent : — 

2 Cell/) + ( AUh - + H/). 

Phenol. Phthalic I'hcnol- 

an hydride. pbtlutleKa. 
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The fused mass is (iissolvc^d in eauHtie soda, and the phenol- 
udein precipitated by the addition of an a<*id. It fonns a 
gmnular erystallift(‘ powder, its solution in alkalies is^red or 
violet, according to tljc thidviu'ss of thf‘ layer. Acids destroy 

the color. Hence it is used as an indi<*at(>r in alkaliinetrv as a 

• *'■ 

substitute for litmus. 

PlienobplitlndeVn, like rosaniline, is a derivative of tri-phenyb 
nietlian(\ as has be<*n sliown by the following somewhat compli- 
cated reactions : — 

The cliloride of |»htha]ie acid.oi- plithalyl oliloride, C/gll^OX’b, 
when treat(ul with bcii/am<‘ in the |U’e.s(m<M' oi‘ aluminium chloride, 
gives up its two atoms of chlorim*, and in th(‘ir place takes up 
two plienyl groups, thus : — 

" • Qll/U b + 2 (yi, c,ll 4- 2 IICL 

rVithaly! cliluridc. i>)l>licr!yl.]*h11ialidi'. 

The substance thus formed is known as (IrphprriiUpTdlwUde, 
Its eondiK't towaials water and bases is sueli as to show^ tluit it 
is the anhydride of an acid : — 


Csll -f lip - CPP,{CP^, 

or CVH.O ' " . 

U(VIC), 


When tliis acid is reduced l>v means of zinc dust it loses 


, p J (COdI (C'OJl .. 

And, finally, when the last |>rodnet is distille<^ with baryta, it 
loses carbon dioxide and yields tri-i)henvl-metliaiie : — 

CjH, } = CH I cir + 

. t (v <415)2 


Tc. 


H, 


We have thus passed from phthalic anhydride to tri-phenyl- 
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methane, arid tlie roaetiont^i just referred to arc in all probability 
eori eetly rej>resente(l by the following formulas and equations 


c ! 4- n«() 

C) ! 


T>ip>4envl-p!iaia1ule, or ai>- 
byiirido of tripht T»\ I car- 
' binol-ciirl>oiuc acitl. 

c«n., 

eii, 

C’(iH 4 .(()slI 

OH 


C 


C 


V,lh 

( ,Jf-, 

(VH 4 . 

H 


CO.H 


= C 


C'JTi 

t'«H. 

( 6 H 4 .( OJI. 
’ OH 

TriplMHiyl-carbinol- 
rarbonit* acid. 


= (' 


(’.,11, 

+ O. 

(.jlb.COJl 

H 


Trtpht'nybinftbane- 
oar}>onic acid. 


== c 


f 0,11., 

1 Cdl. 
■ H 


-f“ CO 3 . 


Tri-jdi<*t;\i- methane. 


Now, In' inakinir reducitig it. and 

boiling the diazo eoinpoiiiid witli wator. Ihc product is< iiliciiol- 
jdithaliun. Hcncc, the latter eoinpoiuid np*i>ears to he the di- 
hydroxy derivative of diiiheiiyl-lihtludide : — 


f C:,H, 

( '.H, . Ml_, 


jC.,H, 

cyb.NH, 

1 

1 CV,H«.CO 1 

1 f,;H4.CO 

0 1 


CJIi OH 
cyii.oH 
(’.Jl^.co' 
o 1 


Plien<d-|>htb?t]eyn, 


The formula t(jf jjheiiol-phtlialein may also lx; writteu thus : — 


(,H4.0H 

C.I^.OH" "O " ’ 

the curious aiTungement of th<' eartioiNl gnoup Ixdng simply the 
sign of the anhydride eoiidition Itetvveen carboxyl and hydroxyl, 
of which the simplest expression is 


R 


OH 

COOH 


O 

••= R < I 4- 
CO 


UaO. 
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Notk fok Btupent. — tlio reactions above briefly de- 

s^jrlbed may at first sight appear to be difflcult^to comprehend, they 
art^ii reality simple enough. The student is earnestly recommended 
not*to 'flight them oif account of the lonjj: names and complex formulas 
involved. TIu'y afford an exeellent exariiph* of the methods upon 
which we rely fr>r determining tiie nature of complex su!)stances- 
Nottee that all {fl«pears dark until the well-known substanee tri-phenyl- 
methane \n obtained, which suggests that all the sui)stanccs are deriva- 
tives of this fundamental jiydro(‘ar)a>n ; and how easily, when this 
eoiieeption lias once lieen formed, the interpretation of all the reactions 
follows. 

Among the oflxu' |)h(lml<un.s which deserve special mention is 
that which is formed witli resorcin. 


Fluorescein, resorcin-phthalem, — This beau- 

tiful ,substam‘f‘ is formtwl by simply heating together resorcin 
and phthalic anliydride : — 

2cyi,(()ii)o + cyiA = cynA + ^ito. 

It^ solutions in alkajies are wonderfully ihinreseont. The sub- 
stance, which is sold under the name ** urmnn for tiie [)ur{K)se 
of exhibiting the phenomenon of fluoreseeiu‘e, is an alkaline salt 
of ftuoresc/eVn. 

The reaction which takes place 1>etween resorcin and [dithalic 
aiiTiydride, wiiyii fluorescein is formed, is of the same kind as 
that widely takes place between plienol and tlie anliydride to 
form phenol-phthaleVn. We should therefore expect to find that 
fluorescein has the foi inuln — ^ 
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which shows its analosry to plienohphthalcin, 

rCJi.XMl 

o ‘ 

It is found, however, that in reality tluorescfVn corresponds to 
the above forinuhi less oiu^ uioleeule of water ; and it is believed 
that tlie water is giv^ai otT represented thus : -- 


I cvirr*" 

i ( ,H,.i ** 

f I M )II 

O ' 

Flnon^t^cO'n. 




Bosin, tetra-brom-fluorescein, C>,H-Br,0,, is formed by 
treating iluore^cein witli bromine. Its dilute solutions liave ati 
cx(|uisite, delicate* y»iiik eolor wiiieh su^<^(^sts a eolor often seen 
in the sky at the dawn of day. Hme e the naiie* from 

daunt. It is lluore.scent, ami is ustd as a dye. 
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HYDROCARBONS, CnH^n-^s, AND DERIVATIVES. 

Till' hydrocarljons thus far ronBidcrtal aro of three classics. 
Tliey are: (1) paratlins, or saturate<l liydi-oearbons of the 
marsh-^as series ; (2) nusaturatoil hydrcxairboiis ndated to 

the parafUus; and (.‘>) ]iydroearbf>n.s which contain residues 
the saturated paratlins :;ihI of bmizene. 

\Ve now pass to a bri(‘f (‘onsideration of a liydrocarhon which 
is inad<‘ up of a rc^sidne of luni/aau* and. <if an unsaturated par- 
atiin. It bears to ethyban* the sana* j*elation tliat toluene bears 
to marsh gas ; that is to say, it is |>lienyl-(‘thylene. 

Styrene, phenyl-ethylene, C.Hd C„H:,.CH.CHd. — This 
itydrocarbon is cont.^ined in bijuid storax. — a. fragrant, honey- 
like substance which exudes frbni v:u jous ]>l:ints. as tlie liquid- 
amber. It is foruied )»y <listilling cinnamic acid with lime : — 

CJI/T CbH, -f- CO,. 

’^'OTK roll Sn nivNT. — Wliat does reaction suggest with regard 
to the relatiou tn’twecui cimnuuie aekl and styreue':" 

It is also forimal from phcnyl-ctlianc, ( same 

way tliat ethylene is formeil from ethane ; — 

( CJTfl + Br, ^ CJRBr + IIBr 

( CjIIsBr + ifoil = ejl, + KBr + H./) 

C„n,.O.JI, + Bv, = C«lC.CJI,Br + HBr; 

O.Hs.Call.Br + KOH = OslIs.e.II, + FvBr + HjO. 

Styrene, 
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Its formation by Iieatin|;j ncot.ylone was mentioned on p. 
‘>'2a ' 

4 €,.11, = CsHs. 

Notk fok Stfpknt. — Wiiat otlu'r polymeric product is oT>talncd 
by heatin^LT acetylene y 

vStyreno is n liquid of an aromatic odor; Ivoils at 1-ii^ to 
14t.5^: iusoluhle in water ; miscil>ie with ether and alcohol in 
all proportions - 

When heated aloiu^ up to or evert when allowed to stand 
at ordinary teniperatures, it is eoiivei ted into a polymeric modi- 
fieatiou, called which is a solid, '['ius same change 

is readily t‘tT<‘Cted by se\ t‘ral reag^aits. such iiH iodine and con- 
eeutratecl sulphurie acid. Styrene uuitvs <lire4‘tly with chlorine 
and bromine in the same way liiat ethylene does (see p. 214): — 

C,H5.C,ir> + hr, - (yi^-CdlaBib. 

Chromic acid and othm* oxidizing agents convert sty renc into 
benzoic acid (see remarks, p. 24^). Sotne higher members of 
this series have Ihmoi ]>re]>ared, sueii as phenyl’]nxfpiih^^ 
hutyhne. : but at presetit tliey are not of suflicient imjxrrt- 
unce to make their consideration hiecessary. 

Stvrene is clostdy rvlated to cinnamic acid, from which the 
interesting and ini}>ortaut coin|>oiinds of the indigo group are 
obtained. 


Styryl alcohol, CM.Oi CM, .CH.CH .CH,OK). — This 
alcohol occurs in natnn’ in tin; form of an etbereal salt of cin- 
namic acid in liquid storax, and jdso iu l>alsain of Peru. It 
forms long, fitin n{a*dh*s, which melt at ft l)oils at 

250'". It Uikes up hydrogen, and yieMs phimyl-propyl alcoliol, 

,CH, .ciis ,cii, 6 n (r>cc p. 288): — 

QHa.CH.CH.CILOH + li, := C,H,.CIL.CH,.01IX)H. 

By treatment with hydri^>di(* acid it yields allyl-benzene 
(phenyl-propylene), .Cli .011;^, and toluvnie. 
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When oxidized with platinum ))laek it is converted into the 
coisiii3sponiding aldeliyde, cinnamic aldehyde*; and, by further 
oxickition, into cinrtimic acid. The relations between the three 
substances are the familiar ones of a primary alcohoL and the 
coiaespoading ahh^hjde and acid: — 

.ch .ch .ciisOH. cjr, .cii .cii .ciio. 

Styryl Jilcohol. ( -innanUc alclo)»yde» 

CoH^.CII.Cn.CO,,H. 

CiDuaniic acid. 

These compounds are simply the i)hcnyl derivatives of allyl 
alcohol, acrolein, and aery Hi! acid : — 

CH 2 .OH .CILOH. CII, ,CII .CHO. CIL .CH .CO JI. 

Allyl lUcoboU Acrolciii or Acrylic acid, 

• " acrylic aldehyde. 

Cinnamic acid, j q ^ ^ jj g jj .co,H) . 
Pnenyl-acrylic acid, ^ 

Cinnamic acid is found in liquid storax, ])artly in the free con- 
dition, and })artly in the form ^>f an ethereal salt in coinliination 
with styryl alcoli >1, as st vryl ('innamate, in the liulsams of Tolu 
and Peru. It can be made synthetically : — 

1 . By heating together benzoic ahh’hydo and acetyl chloride: — 

cyi,.con + CH;>.coci cyc.cdL.codi + iici. 

This reaction will be better understood by w riting it in tw o 
equations : 

( 1 ) CflHj .CHioi + ciiYe J -c^ocii = cyi, .CII .ci! .coci + ilo-, 

Cinnaniyl <: h]ov^t\ 

(2) Cell,. CII .ClI.COCl + H,0 == Cyi^.CJI.ClI.COTI + HCL 

Ciimamyl chloride,* 

The kind of ju^tion represented in eipiation (1) is not un- 
common. We have already met w'ith it in tlie forination of 
mesitylene fmm acetone (see p. 250), in which case tw^o hydro- 
gens from eacli of three methyl groups ujiite with an oxygen 



328 ' HYDUOCABBONS, C„Hs„_.8, AND DEKIVATIVES. 

atom from each of the three carbonyl groups. The product 
is called a con(len\mt ion-prod act,, and the action is known as 
eoudt^usation. c 

2 . B}' heating together benzoic aldehyde and acetic anliy- 
dride : — 

c,u,X'Oii + (CjiaO)/) == (',n5.(yL.co,ii + c,iia. 

It is probable that the action lx‘t\v(‘en benzoic aldehyde and 
acetic anhydride is of tiie same kind as that between the alde- 
hyde and acetyl chloride. 

3. By treating l^enzal chloride with sodium acetate : — 

+( It H.( 0,Na == ( ,H,.ClI.(’H.(;(XNa +2HC1. 
C 0 H 5 .cn .C ItaXNa + HC! == C^ICXItt H .C(),H + NaCl. 

The acid is now inanuiactured on the large scale by the last 
methml. 

Cinnamic acid is a solid which (uystallizes in inonoclinic 
prisms. It molts at bl.C, and boils at U) 304®. It is 
easily decompostal info styrene and carbon* dioxide ; — 

CA-CH.CII.COHI r== CJC.CH.CIL + CO,. 

Oxidizing agents conv«M‘t it first into benzoic aldehyde and 
then into benzoic acid. Nas('ent hydrogen converts it into 
hvdro'cinnamic or |>hi*nyl-y)roj)ionic acid, Cy I.y.(, If, .CII, .C(XH 
(}j. 295). It unites witli hy^lroelilori(.*. hydrobromic, and liydri- 
odic acids : — 

f 

cyi,.pyc.coji + HCi cy{,.(bH,ci.co,H. 

I*I]<.nyl chlor-propioalc 
aciti. 

t 

Treated with substituting agents, sueli as nitric acid, etc., it 
yields substitution-products in wliich the (Altering atoms or 
groups are contained in the benzem* residue, in the ortho and 
para po 8 iti<ms relatively to the aerylie acid residue, 0 , 11 , .CO 2 H. 
Bromine yields the addition-product Cell^.Call^BrjtXOall. 
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Nitro-cinnamic acids, CeHi { — The ortho- 

;iik 4 para-acids ar» formed by dissolving cinnamic acid in' nitric 
acid. ^ 

Note fok SiruDENT. — Wliat are the products when toluene is 
treated w^th nitric acid? W!u*n benzoic aci<l is treated in the same 
way? To whicli case is the above analo/ions? 

f G H GO H 

Amido-cinnamic acids, i ’ • — These acids 

are foniiiHl by treating the nitro-acids with I'educing agents. 
Tlic ortho-acid loses water wdien set free tVom its salts, and 

foruis the anhydride co/V>o.s^y/*//, ^ C.OH, analogous 

to liydro-carbostyril (j). 29(5). 

Coumarin, C,H.O.( - C.H, { •* found 

in Tonka beans, and in some other |>lant-snbstances. It has 
l)een made synthetieally from salicylic aldehyde and acetic anhy- 
dride. just as (‘innamic arid is made from benzoii* aldelivdc :ind 
acetic aniiydride. 'llic first product of this action is proi>abiy 
()rtho-h}j(lr(yX}f~rinh((ini(: ( frith or conmaric acid. C,g{, | ^ 

whieli then loses water, yielding the anhydridt‘ or coumarin. 
Coumarin lias a phaisant odor, liki* that of vanillin, and is used 
for tiavoriug, Trcabal witli bases, it yields stilts of coumaric 
acid. • 
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( 

Phenyl-acetylone, acetenyl-benzene, C„H,.C.CH, beurs 
to n«*otvlono tiu‘ --iinu* lA'l ition or l-ctln li‘ue, 

Ix'nrs to etlnloiii*. It iw niadr from st \ n-nt- in sjune wu}' 
that iua‘t\h'ni* i-> mad*' from i*th\(<*nt‘: — 

( 1 ) ( Jli d- Ibj - ( 

{2) CII.Uy, -f 2 KOii r.- ( il , 2 Klb + 2 II/). 

( /!,.( Ji lii. -f- 2 KOII - d- 2K[W d- 2Up, 

Po r ^ 1 a' 1 U IP . 

It i> a liqtiid hirh boiO at 12>d to 1 l<j\ It unitor flirpctly with 
fotir atoms (jf iMomim'. fotni'^ fm'talhr d*'j i\ ativcs, amb ttt 
t-niL condmds liko a« rt \l**m‘ (wliirh 

PhenyKpropiolic acid, C HO / C.H,.C.C.CO.H).~-l1iis 

acid is a (‘arbowl dcrh at i\«‘ of {>]h‘u\ l-:icct\ Icnc, Ixauaui; tt> it 
tht‘ .s‘imi* rt lat ion that cimia?iii<' t*cid b(‘:tr‘> (o }>hcnylo'th> Icmn 
It is math' ^r‘>m cianamic acid. I»\ trt'atiim in’o^i-cinnamic avid, 
lllb .( O/L ^^hh ah‘*>lioih' p*>tasli : - 

C’/f,,(^dHb-.( oji - (;n, oji + iiur. 

It foriii'^ iou" nciallcs. vvliicii jnclt at IdtT to 1d7*. Wbon 
Inatcd >vttli \satci, it i)iiaikh up ^ into carbon dioxide' and 
pIit'jiybacedA Icnc. ^ 

O CO H 

Ortho-nitro-phenyPpropiolic acid, 
made from f>rtho-nitro-c'innaniic a<‘i<U in the same way that 
plKinyl-pi'Ofdolio acid is made from cinnamic acid (ace pre- 
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codinp; |)aragnq)li) . It is of inton^st, for the reason 

ijjat it ran easily ] h ^ traii^formial iut<> .iiidi^o. The trans- 
fQiniation is nicest readily elfeeicd by boilia^ it >\ith ^Ikalies 
and t^^rape sugai’, or soine otlaa’ iiiild ri‘<iu('iiii^-a<(t*iit. The 

reaction is li'prescntial by <Jie rollo\\in<^ (‘{pialion : — 

* 

1 t- < ai.oN7>. + ico, + -iieo. 

( )itlio runo plu'U) 1 

projtuiiu ai k1 

The acid is at prcsiait niamifacUired on the large scale, for 
the purpose of inakinu; indigo. 


^ IndiOo \m> Ai ijio ('oMror\!>s. 

•In siHas’al plants, f ihJhjoJ) rn fitnhn'hf, fJnrtoruf. etc.. 

tla*r(M)ccur‘' a gliii’oside calltal indi’dn, whirlo mab r the intiu- 
enci^ of dilnt(‘ inineial acids aiid eeitain fennentN, bnaiks up, 
yieldinir indiao-blue and a ‘-nbstaiUM* i eseniidinir the ghicos(‘s. 
'rh(‘ iiidigo of eouHiiiTee is pri’jninsl in tlu‘ hast and West 
Fndies, in Son th ^America, Kg\pt. and otbf*i vNunn countries. 
At tlu‘ proper stag(‘ tla^ plants ar<‘ cait olf down lo the liround, 
put in a laiir^^ tank, and covei’e<l with watei, Fei nuMitation 
takes [)la{‘e, the' iialii'an tawakinu n[) aii<l \ leldinu indigi^). as 
aboNc dated. 'khe liquid biaauiu’s greinu and then blue. 
4Vhen tlu‘ fernaaitation i-. linisiud. the liquid i^ drawn oft 
into a sj[‘eond tank. 'Idiis liquid «onlain'- the (‘ok u ing-niatter 
in solution. In eonla( t with the air it is t>\idi/aHL foinhng 
indigo. wdii(*h, luuug insolubU*. is thrown <l(%w n In order to 
fa(*ilitate (he prea-ipitat i<»n of the indigo, the lujuid lhoronghl\ 
stirred. Kinalls. tla^ bajuid is drawn olT, the ])r(‘eipitattHl indigo 
preHse<] and dri<‘d, Tind tlien sent into tin* market. 

The substance pn*pai\Ml as alxne has a dark-l)lne color, and 
contains otluu* coloring-niattcrs besides indigoddue. Its value 
dei)ends upon the aiaouut of the dellnite eompoinul, indigo-blue, 
which it coatiiins. 
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Indigo-blue, indigotin, C„.H,„N,0,. -- ln(li^oA>lue is ol>. 
tiiiueil from ooiimua'rinl r<*(liu*ing it (o 

:iiul tl)l*a oxjjosing the cli^ar o<>lorl<‘.>.s to the air, vviK‘n 

ijidigo-bluc is prtaapitatoiL 

K,ic poriiiioiit 7D. Into a tr^t-rubf i»tit a '•inull qiianti^ \ of powderotl 
iinliL^o; add line yjiu or /in^ dll'll and cansti* ^oda \Vin‘n (he 

ndxtiu'f In heatotl th<- indii^o form- a roiorK n> solution NS'Ikmi tlii> 
resuit lia^ ivudud. pour sona* of iln* sidut ion into a small t*vapo- 
rathig-disli. (^mtart uith tho air ofdois It hint-. 

Iiulioo-hlno can lu' made artitinallv by a niimla'r of imdhods, 
among ^vliieli tlie two Idllowino air the principal olle^ : — 

1. B\ hoilintr ortho-nitro-pjnn\ l-}»ropi»die acid (\vlii(*h see) 
with an tdkali and grapt' simar: - — 

» 

•icac! + HI - ( .,ii,„N.o. + -'H.o + iC'cc 

( NCblo; 

2, By heating i-atim* (N\hich ^ee) with phosphoriw trichlo« 
ride, pho^phonis and ac(*t\l diloiidia 

Without going into the imo lianisia of tln^^e rt aelions. we M*e 
that tliere are two Lfeina'ai wa\s mI ohtainino, imligo artifi<*ially. 
The tirsl stait.N fiom cinnami<* arid, which is smccnsivcly <‘on- 
vertial into ortho-nilro-cinnamii* arid ami ortho-nitro-pheiivl*' 
propiolic acid ; the scro.id start- from benzoic a<'id, w'hit'ii is 
eonverP d into ortlio-uitro- and <;rt}io-amido-bcn/oic acidis. Tin* 
latter i.s then convnti'd snree.s-.i v rl\ into tlie chloride, i*vani(le, 
and eorresjiomimu aeid, the auli\dude of wdiic’h is isalhie. l'\>r 
fuller details of I }u‘ reaetions in\<»h rd in the formation <d’ orllae 
nilro-phen\ 'p^ailie acid, see p. ; ami for similar details 
in regard to isa4im*. see [i. 2Ul, As has been slated, indigo is 
now niaunfaetur<*d uu the large srah*^ In th<‘ first <->f the two 
metho<ls atxivc givmi. 

Indigo-blvie einstallizes from aniline in dark-bhte <‘rvslnls. 
It sublimeh in rhombie mystals. Its vaiior has a pury)le>red 
color. It is insoluble in water, aleoiiol. and ether ; soluble in 
aniline and chloroform. ()xi<liziag agents convert it into isa- 
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tine (\v)iich see). Hejited with solid caustic potash, it yields 
ear|^on dioxide and aniliue ; boiled with a solution of caustic 
pot'ish and tinely-’j^X)wdenal black oxide of manganese, , it is 
coavcrPtal into orllio-aniidO' benzoic acid (.'intliranilic acid) (see 
p. 291). 

A great rnatiy coinpotinds rehded to indigo have been made 
incidentally to the study of its cliemicai conduct. The syn- 
thesis of indigo has Vkmui elleeted. as a result ot this* study. 
The work undertaloai was suggested by the fundamental facts, 
above m(‘nti<)ned, tiiat indigo when d<‘eomposed, readily yields 
afiiline and orlho-aiui<]o-b<.'nzoic acid. 'riie question which 
investigators have endtatvored to answer is. Wlial relations do 
imligo-blm* and the (‘ouipoujids allied to it iKuir to ortlio-aiuido- 
be^zoic acid? Although, as far as indigo-blue is concerned, 
this •lias [iroved to be a ilitlicult ((uestion, to which a final 
answei' is still lacking, as far as some of llie sim}>ler derivatives 
are concerned it \\i\< been answerevi. 'Two of these, oxindol 
and isatine, have be<-n to ateil in connection vvitli the sinijiler 
com[)Ounds, to whicli they arc most closidy related. A few 
others will tierc l)c mentioned. 


Indigo- white, C,rHi:NjO,, is formed by reduction of indigo- 
bhic, as aliove described. Its solutions nqiidly turn blue in the 
air, ill conscquenci; of tlm formation of indigo-bliic. 

4\lu‘n indigo is oxidized with nitric acid, isatine, (VIlsNO.j, 
IS tonnod:— ^ 2(’,U,NO,. 


VVlicn isatine is treated with sodium anialgi^n, it takes up 
iiydrogen, and yields dloxindoL CsllrNCT: — 

Cyi,NO,.+ IJ, - CVH7N0,. 

Iwdliue. tMuxiiulol. 

By further reduction, dioximiol loses an atom of oxygen, yield- 
ing oxindol^ Cgll 7 NO : — 

CgIl;N(T + II., = CJljlSiO -f H,0. 

Dioxindol. Oxindol 
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The reliitioris )>etween oxindol Jiud iBatine (‘aiiiiot readily be 
made clear without a <‘areful jstudy of Bome very complex re- 
acdioiiB, 

' I # 

ft would also lead ten) far aiul be uu profitable to disoirss here 
the constitution of indigo-ldue itself, SuMiee it to say, that 
it has been vshowai to consist of a doubled grixip very Bimilar 
to that of oxiudol. 



CHAPTER XIX. 


JETDROCARBONS CONTAINING TWO BENZENE 
RESIDUES IN DIRECT COMBINATION. 


Just as the inarsh-gas i^ sidue, inethvl, CIC- unites with laeth}^ 
Clh 

to Iona ethane, I , so tlie l>eiizene residue, phenyl, C<.,H5, 


Cll, 




unites with phenyl h) IVa’iu the hydrocarbon, diplienyl^ [ ^ nnd 

ii?liaihu' residues ot* toliKuie, and the higher inendHU’s of the series 
uinte ill a siiuilar way to form hoinologues of diphenyl. 


Diphenyl, Cj:Hu,( CoH:, .CoHJ. — This hydrocarbon is made 
by treating lirom-beiizone with sodium : — 

, 2 CJUh + 2 Na - C3TI,, + 2 NaBr ; 

and by conducting lienzcne through a tube heated to redness : — 

2 CAC - C,J1,0 + IL. 

It forms large, lustrous plates. It melts at 70.5'^, and boils 
^.25T. It is easily soluble in hot aleoiiol and etlier. 

Diplienyl is an extremely stable substanee. It resists the 
ludion df ordinary oxidizing agents, but with strong ones it 
yields benzoic acid. A large mnnbci* of deri^itii cs of diphenyl 
have been studied. A curious one, known as curbazol^ occurs 
in coal tar. This has been shown to be a substituted animonin 
containing a rcsidiu^ of biphenyl. It is properly designated by 
the name diphenyl- inikie^ and is represented* by the formula 
C«ll* 

>NII. It has been made synthetically by passing the vapor 
of diphenyl amine, NH | through a red-hot tube, a reaction 
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taking plaiH? \vlii('h is analogous to that mentioned alcove as 
taking phua* when In'nzene is treHted in the same way, tne 
[>rodiK\ in the lutUn* ease being diphenyl, ^ 


Naphthalene, Ci„Hs, — Wliile the relations of di[)Iu'nYl to 
benzene are clearly slaovii In* its simple synthesis from brom- 
benzene, the relations of naphthalene to l)enzene Iiave been 
discovere<l tliroiigh a ear<‘ful study of its (‘hemieal eondnet. 
The laels can ]>e l>est interinvted by assnining that the molecule 
of naphthalene is formed by the union of two l>enzene residues 
in siieli a way that tliev have two earlK>n atoms in common, as 
ret>resented in the fonnulas 

li It 

,.C, ..C-^ 


Ilt'-ClI-C 

-{ 11 -t'[I 


lie 

H'-' 

^cn 

1 i 

1 

~( n-cH 

and 

HC 


xCIl 


c/ "C 

H II 


How this concejaion w'as reached will Ix' shown below, after 
the pj'Operties and the reactions of naphthal(!n(^ shall have been 
discussed. 

Naphthalene is a frequent product of the lieatii^g of organic 
substanees. I’lius, it is formed by passing \ajK>rs of alco- 
hol, ether, acetie aei<l, \ olalii<.* oils, |>etrohMmi, biaizene, toluene, 
etc., tlirough red-hot tidies; and, also, by Inhaling ethvlene arid 
acetylene in the suiih; >vay. It is Iheretbre found in ^'oal tar, 
arul is sometimes found in gas-pij»es used for gas made by 
heating naphtha,^ gqisoline, etc., to liigh temperatures. It has 
l>een made synt^adically by conducting [)]ien> l-bntylene bromide 
over higlily-Iieated lime : — 

-f Ih + 2HBr; 

and by conducting isolartyl-benzi ne over lead oxide : — 
CeH,.C,H, + O3 ^ C,Il4.C,.C,H, + 3 IIJO. 

Neither of these reactions, however, is of much assistance 
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in enabling m to form a conooption in regard to the nature of 
n^)hthalene. « 

^aphtlialene prepared on the large scale from thojse [K>r- 
tions^vf coal tar wliich l)oil Ixd ween to 220”. Tliis niaterial 
is treated witli (*an.sti(‘ soda, and then witli sulphuric acid^ and 
distilled witlT water vapor. 

It fofms colorlt^ss, lustrous, monoelinie ])]ates. It melts at 
79.2^, and i)oils at 210,0”, It has a phatsant odor; is volatile 
with water vapor, and snbliines readily. It is insolnlde in water; 
easily soluble in l^oiling alcohol, from which it can be crystal- 
lized. Oxidizing agents convert it into j>lithalic acid (see 
Kxp. 74). 

'Die eas(‘ ^^ith which naphthalene yicdds i)hthalic acid, siig- 
g^'sts that tlic hydrocarbon is [)robably a di derivative of benzene 
covttaining two hydrocarbon residues; such, for exam|>le, as is 

reiH'i'sented by the formula CVll^ j [rJI** Such a substance, how^- 

ever, contains iinsaturated paratUn residues, and hence ought 
readily to take up bromine, liydrobromie acid, etc. Bromine 
and chloriiu* arc imleed taken u]> easily, ))nt tlie products thus 
obtained act ratiier like the addition-produets of l)ei]ZGne tlian 
the addition-products of (lie iinsaturated pai\afrins. They lireak 
Uj) readily, and yield stal>le substitution-products of naphtha- 
lene ; and, further, the lirst jiroduct of the action of bromine 
(m naphtlialeiie is not an addition-[)ro<luct, but mono-brom- 
nnplithalcnc, CioHrIh’, a fact which shows that substitution takes 
place more easily with naphtiialene than addition. AVe have 
seen that a hydrocarbon containing a bcnzei^c residue and an 
Iinsaturated para thn resiilue, ns, for example, stvreue or phenyl- 
ethylene, -C'jthe phenvl-aectyleue, when 

treated with bromine or* hydrobi-omic acid, takes tliem up as 
readily as ethylene and acetylene, and this action takes place 
before substitution. According to this, naphthalene ought to 
take up bromine with avidity before sul^stitution of its hydrogen 
takes place. 
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The formula CeH^ { ’ and similar ones being thus rendered 

extremely improbable, the next thought that suggests itself , is 
that the two groups C^H.. may be united, as represented fa the 
(CM.CH 

formula C,.n. ) I , Assuming, furthei', that the two groups 
^CH.CH 

are united to two carbon atoms of the benzene residue which 
are in the ortho relation to each other, we may write this same 
formula thus : — 

II 

(’ 

HC f-fll-ClI 

i ! I 

lie ,t‘-(II-CH 

t' ' 

n 

or, what is the same thing, — 

II II 

e c 

lie V eii 

i ! ! 

IK (‘ (II 

( V 

H !i 


This formula reprosents najihtluilem^ as made up of 
benzene residue's united in sueli a wav that Irive two 

carWn atoms in (Mirnmon, Tiiis, as luis been stated, repre- 
l^ents the hypothesis at present held in regard to tlie nature of 
naphthalene. 

As regards tie? assumption that the two residues are united 
through carbon atoms wliieli an* in tlie orth<> position relatively 
to each other, it slionld be said that this assumption is made 
because phthalie acid is the ]>rodvict of oxidation ; and the facts 
already considered ha ve shown ns that tcrephthalic acid must 
be represented by the formula 
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COjH 

,G. 

HC''^ CH 

lie, /CM 
'C 

CO^M 

and isophthalic acid by 

CO,H 

.C,, 

IIC^ CM 

HC /CCOJI 
II 

and honco, in tonns of the accepl>od hypothesis, the third pos- 
sible formnla uuist lie given to phthalic acid; viz., — 

II 

lie C.COoH 

HC’ C.COoH 

II 

Are tliere any facts besides those above mentioned which 
make the hypothesis appear proi>able? 

By a diherent line of reasoning, based upon other facts, the 
conclusion is reached that na[)hthalene is made ^ip of two ben- 
zene residues which have two carbon atoms in coinmou, and the 
only formula whicli rcprcso^its this conception is the one already 
given. The facts which lead to this conclusion are the fol- 
lowing : — 

When nitro-naplithalene is oxidized it yields nitro-phthalic 
add. This shows that the nitro group is contained in a 
benzene residue ; and we may represent it by the formula 
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C*H,, .KOj s the oxidation taking place as indicated thus : — 
f. t 

c,h;. no, I + !) o = Cair, . NO, J + 11,0 -k 2 CO,. 

By reducing this same nitro-naphtluilene. aniido-iiaplithaletu* 
is obtained ; and, when this is oxi<iized, phthalic acid is 
formed : — 

r«H, C>H .Nil, ^ ,J i C'0,ll ->C'0,4-HN0,+ IL0. 

‘ ( 0,11, U 00,11 - - 

These two reactions show ( O that thi* |Kirt of nitro-naphtha- 
lene in whioli tlie nitro grotip is situated is a ixuizene residue*; 
(2) that tlu‘re is another benzene ivsidiie in the eoinj)ound i*U ^ 
which the uitro g)’ou[> has not entered. 

It has been noticed, also, that l»v oxidation of a niiplithittene 
snlphonic acid, Ixitli sulpho-plithalie and phthalic acid itself an 
o)>taine(b 

It follows, from these facts, that naphthalene is made up of 
two benzene resi<iues, and the only way in whi(‘h a hydrocarbon 
of the formula < Virn eau l>e thus made up, is 1 »y having two 

carbon atoms eonimon to the two residiu's, as represented in 

the formula already given. It cannot be made u[) tlius ; — 

il 

C C 

lie (H ill 

ilC (X CII 

c' c 

11 H 

H 

C. 

IK (II '^CH 

nor thus : — ! I i 

lie ,CII CH 

C"' 

H 

for neither of these formula.s expresses tlie fundamental idea of 
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the presence of two benzi^ne residues in the same molecule. 
The only formula vvlu(*li (‘xpresses this itk*a in terms of the 
eon^nonly aceepti^l hypotfjesis for benzene is 

II H 

C ,C, 

H( C" CIl 

i I ! 

HC. C, /CH 

H II 

The j)r(M>r just ^iven for this hnanula is independent of any 
notions logarding tlie ortho, nieta. and para relations in 
IxMizemn As })htludie acid is the ja’odnct of oxidation, it 
follows that tiu' earl>oxyl gi*on[>s in thi' acid iiuist bear to each 
otf .r the relation expres.>ed by the forjnula 

II 

,.C, 

iic "c--con 

I ! 

IIC . C--CO,H 

xr' 

H 

and, therefore, tliat in all ortlio eoinponnds the substituting 
groups bi'ar this sane' lelation to eaeii other, lienee, by start- 
ing with the notion that the :d)oy(‘ forninla represents phthalic 
aejri, — and to this notion, it must la* reui{‘ni1)ered, we are led 
independently of any facts eonnected with llu* formation of the 
a<‘.id froin mipiithalene, - * (be aeeejded formula of naphthalene 
follows naturally. And, on lie; otiu'r haiul.^ve are led, by a ^ 
study of naplithalene itself, to the accepted formula, and from 
this the above formula for phthalic acid follows.^ 

Derivatives of Naphthalene, 

An interesting fact which IihvS been discovered by a study of 
the monO'Bubstitution products of naphthalene is this, — that 
two, and only two, varieties are known. There is an a- and 
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a jS-ehlor-naphtlialeiie, an a- and a /^-I)roni-nai>li(]4alene, etc., 
etc. This fact quite in harmony with tlio views imld 
regardinir the constitution of naphtluilene, jfts will readily^ be 
scon bv examining the forniuhi somewhat more in ^letail. 
W e see that there are two, tuid only two, kinds of relations 
wfiich the liydrogen atoms bear to the inoh^eute ; all t!)Ose 
marked with an « l>eing t>f one kind, and all those^ marked 
with a /S being of another kind : — 

all all 

,.<’x 

/8IIC 0 €11/8 

I i I 
filW ,Cx CH/3 

'C ^C' 

a II « H 

Here, again, a proldein |)resents itself like that which was 
considered In coniuction with the di-8n]>stitutiori ptxxluets of 
ben;^ene. Onv tie lU y gave u.s tlirce fonniilas, and three com- 
pounds are kii(.>wii. Tin? prublein was, to determine which 
formula to as>ign to caeli comj>ound. Here we liave two 
formulas for two bronena}>htlialen('s and other inono-snl)sti- 
tatiou products of naplithah ne, and we actually have two 
c?ompounds ; and the quest ion ari.ses, whicli of the two 
formulas must we assign to a. given compound? The 
method adopted is simphg and can be explained in a ftw 
words. That nitro derivative of na]>hlhalt*ne which Js known 
as a-nitro-iiaplithalenc yields nitm-plitliaiic acid by oxida- 
tion ; and tiie #eIal]on of tie' nitro gron[) to tlie carlK>xyl 
grou|>s. in th'^ acid, has been determined. It is expressed 
by the formula 

^ NCb 

/C.,; 

lie/ C:-CO,H 

I 

lie .C-C(VI 

'C' 

II 

Formula L 
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while the formula of the other nitro-plithalic acid is 

H 

NO.,C^ G-CO2H 

I I 

HC. .C-COaH 

n 

Fonmilu II. 

As a-iiitro-niiplifhaloiio yiokls the acid of fomnila I., it fol- 
lows that in it l]u‘ nitro irroup rnust oeeii}>y ]H>sition of one 
of tlie hydrogen atonis ninrkt’d a in tlu' ahove forimihi for naph- 
thalene. Those sulistifntion-prodnets of najihthalene wliieh 
belong to the same series a.s a-nitro-naiihthalem* iire called a 
derux^h'eH. In the ft eou)j>onu<ls the substituting group or 
atom must (.)ceni)y place of one of tlie hydrogmi atoms 
marked ft* 

Among the derivatives of naphthalemj are tlie following : — 

Naphthoic acid, CiuHr.CO^H, whieh br-ars to naphthalene 
the same relation thtd lienzoie acid )>ears to Uuizene. 

tt-Naphthol, This eonipound is made from naph- 

thalene in th(‘ same wav that phenol is made from lienzenc : — 

Wiy treating (onaphthyl-amine, (\ 0 II 7 • Nib? with uilroiis 
acid. 

f 

Notk foh STtM)K\T. — Write the equations. 

2 . By melting a-naphthalene-sulphonic acid with eanstic 
iptasb. 

Note fou Student, -w WiiAi the equation. 

tt*Naphthol is a solid which melts at 9h°. It has an odor 
somewhat resemliling tliat of phenol. Its general chemical 
conduct is mneh like that of phenol. Towaivl oxidizing 
agents? however, its action is peculiar. Thus, when boiled 
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with pofajfiBiluu chlorate arnl hy<lrochlori(* acid, a di-ehlorine 
SMbstitution*‘produ<'‘t in formed; and at the same a 

second oxygen *atom eiders, and the proiVurt has the <ihar- 
aeteristies of the (piinoiu's (\v!iich see). It is (Ti-eldor« 
naphtho>qiiiii(|n<‘. It will he remefiiliered that ordinary 

vpiinone is formed l>y the oxi<lation of hydro-quinone, a di- 
hydroxyl dtaivalive. * 

Some of die snhstitution-prodmds of najditliol are used as 
dy(‘s ; as, for exain|>le. tl))rltni-nnpfithoL (',oIl^( NthOiX)!!, 
'viiieh is known as Mifrihfs'^ Yi lloyr; dinit ro - iiaphthoU 
snlpitorde and, ( ^ dl. the ])otassiuin salt 

of which. K.X k.H^N ,S( g. is known as Xnphfi/nl Yeliaw X. 
With diazo eompounds. naphtliol has a rmnarkahle power of 
comtunation ; and a great many ih rivtdiv es eontnining resi- 
dues of diazo t*om|>oun<ls, and of mijihthol or its sulistithtion- 
prrHluets, ha\e luam made, tuid sonu’ of them have found 
appiie:dion as dyos. dlu‘ sinqilest eomjjound of this kind is 
formed ])\ I 'ringing togethm' mqihthol and diazo-henzone 
nitfate : — 

(•s,,H;.(in + (ai.-N.-No, =: I + UNO,. 

It i.s called taijJdJfai-ifinzadn'nzvttn. d'he dye known as Poir^ 
rier's Orar/fjn JL is a su]j>honi(' aoi<l of najjhdiol-diazo-henzene, 
and is p]‘o}>al)ly foj med hy treating <1iazo-l)enzene-sul[)honic acid 
wdth Maj>hlhol. 

I 

Naphtho-quinone, CiMHjO;:. — Tins comtxtnnd is ohtaimal 
l>y oxidizing tfaplithalenc with chromic aejd ; also liy oxidiz- 
ing a-ami<lo-<»-na})]ithol and other di-suhstitution jiroduet^^ of 
naphthaleiK' in vvliich the two suhi^jti tiding groups ai'e in the 
para position relati\a'ly to eaeh other, ft beai^s to niqihthaleme 
the same relation that ordinary quinone hears to benzene ; that 
is, it is naphthalene in which two hydrogen atoms are replaced 
by two oxygen atoms. 

It forms yellow needles, which melt at \2[f. Like ordinary 



QUINOLINE AND ANA|>OdOt;S COMPOUNDS.' 345 


quiuone, it is volatile with water vapor. Hydriodic acid cou- 
ve»^s it iuto — * 

(5,„h,(), + n, - c.„ii,(()H)2. 

Notk for S'i i'DKNT. — Compare with the aetion of reducing agents 
on ordinary qiftnone. 

Di-hydroxy-naphtho-quinone, CjoHj is a dye 

known by the name naphtliazit rin^ on aceount of its resem- 
bianco to alizarin ^ which sec*). 

Two horiiologues of naphthalene — metiiyl and ethyl-naph- 
thalene — have be('n prepared. /TMetliyl-na})]itlialene has been 
found in coal tar. 

<4[nNoia\F AN!> AxAiaxiors ( 'oAn*orxD,s. 

It has i»een stated, that, by distilling quinine^ and (*iii(*honine 
with caustic [>otasln ])yritiim' and some* of its homologues are 
olttaincd. At the same time a base belonging to another series 
is formed, togetlier with some of its homolognes. This base is 
known as to suggest its formation from quinine. It 

has the composition ex[)ressed by the formula C^JT/X. It occurs 
in coal-tar, where an isomeric compound, called isoi/ninoline, is 
also found. Among compounds homoiogous with quinoline are 
tlu^following : — 

CJninaldine, a-M(dh\ l-quinoline . . . CiolluX. 

Lepidine. y-Metlnd-quinoline .... 

Cryptidiue (iiHuN. 


Quinoline, O^HtN. — Quinoline is formed by the distillation 
of quinine, cinehemine, or stryxhnine, with caustic potash. It 
i$ formed from certain derivatives of benzene. 
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1 . By piussing allyl-aiiiliue over heated lead-oxide: — 

, cy i, . MI . C,H, = CVIIjN + 4 1 1. 

i. By heating (ogetlier glycerin, aniline, and nilro-betizeuo : — 

(1) cjij.NO.. + c’siiA = -f ;ni/) -t-o,; 

(•2) ('.iHjMl. + CiM/), = t\,II:X + .{ ILO 4- Mai' 

( 3 ) 2 ('„ii,NHj + ( ,, 11 ., NO, 4- ;u,,ii,o, == ;!(',,n.N 4- 11 h/). 

3. From di-elilor-t[nino!ine ; — 

t JIj(’l,N 4 1 M == ('JFN 4 -2 IICl. 


The, la.-it inetiiod is tiu' most snggestive. as it leads to a deti- 
nit(' view in regaid li> the relation lietvveeii ijiiinoline and l^en- 
zene. Di-elilor-qninoline is made !>v treating hydro-earla^tvril 
with |)lK'sii!iorns i)ent:wliloride. Ilydro-eartiostyril is the anhy- 
dride of ortho-arnido-hydro-einnarnic acid. This relation ia 
partly expressed by the formula; — 

n n, 

(' c 

il( C (’ll,' 

11(4 CO 

"'N-' 

H H 

Tiie transformation of hydro-earhostyril into di-ehlor-cjuTno- 
line takes place easily ; and the reaction can he best interpreted 
by assuming (luiuoline to be made, up thus: — 


II 

.C 


H 

, 0 , 


HC 

I 

HC 


"'C' 


C N' 
11 


CH. 

ClI 


Quinoline is thus regardtal as formed from the union of a 
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residue of benzene and a residue of pvridine, in the same way 
tlr^t napht hale lie is believed to be formed fioin two residues of 
benzene. The formula suggests the existence of two is^omenc 
quinofines, in one of which the nitrogen is in the a position, as 
represented in the aliove Ibnnnla, while in the other it is in 
the /i position. Ordinary quinoline belongs to the a series; 
while isoqninoline belongi4,to the ft series. 

Quinoline is a li(iuid which boils at 2 .j 7 ‘*. Potassium perman- 
ganate converts it partially into ciiKdiomeronic acid, C7H5NO4. 
This is a orA/, (’-II -X(C(V_,II)o. The for- 

mation of this acid is analogous to that of phtluilic acid from 
naplithaleno. 

Quinoline readily takes up liydrog<‘n, forming ]rf)(lr()-qntnoline, 
C'JIL.N, and let ru^hfifh'o-quiDoluic^ C’iJIjiN. These, as well as 
tlie^iydrogen additioii-[)r<>ducts of })yridine, are lielievcd to exist 
in tin* alkaloids. T<dra-hydro-(jninoline has ])een found in the 
crude quiuoliue obtained l>y distiiliug ciiiehonine witli caustic 
soda. 

Many derivatives of quinoline liave betm made. Sulrstitiltion- 
products are obtained by treating iiitro-products of substituted 
benzene with glyiau’ln and aniline. 

A suljilionic aeid is obtained by tnealment of quinoline with 
sulphuric acid. From this, /t f/(hy)Xf/-q u i ftoh‘ tU' , CjlT(OII)N, has 
been obtained. Ilydruxy-quinolinc, like (juinolinc itself, takes up 
Lffl rogeii, fonuiug f cf r(t-hif(hr>-Ji^ffhrKr?f-(juoioliui\^ ('.dljo-OH. X. 
Finally, by treating this co]n[>ound with methyl iodide, methyl 
is introduced, and a product oldaiucd which is called hydro- 
nteihoxy-qu i uol in e ; — 

C,, 1 I„()N + C'll,! = CwIIbNO •4 -Tfl. 

This Bubstance rc'sembles quinine, and its hydrochloric aeid 
salt is used in medicine to some extent as a substitute for 
quinine. The salt is kuow'u as kairine. 
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HYDROCARBONS CONTAINING TWO ‘BENZENE 
RESIDUES INDIRBCTI4Y COMBINED^ 

DirHENVL and naphthalene have l)een .shown to consist of two 
l>enzene residues in direct comhinatiou. 1 )i}>henyl-iaethane is 
an i‘xani[)le of a hvdroearhon <a>n>istinL»' of two henzene resi- 
dues in indirect eoinhinat ion, (\JI . ( H;. . (\;l I ,. As diphenyl- 
iiietluine is elos<'Iy relatt‘d to toluene, if was treated of in 
connection with tiie liydroetirlxais of the Ix’uzene seri^^s. 
There are s<nae liydroearbon- which have be<*n shown to 
consist of two Iwnzene j-esidues united by means td resi- 
dues of unsatnrated j>aratfins. TIu* most important of these 
is the well-known anilirai'cne. 

Anthracene, Ci,H|,. — Anthracene is farmed under condi- 
tions similar to those whic-h irive rise to the formation of 
naphthalene, espeeiaily by orpuhe sn)>stanees to a 

high teinj>eratnre. and is In ner found in eoal tar. 

It has }>een made .syntlietically fnufi benzene derivatives 
by a number of metini<ls : — 

1. By |)assing i>en/yl-tohieiie, (^11, .C’fh; . ( -t-Mi over 

heated lead oxide : — 

+ 2 o = + 2 H,o. 

2. By heating benzyl-} dienol witli phosphorus pentoxidc : — 

- ( Ji,, + + (:,IE(0I1) + 11,0. 

3. By heating ortho-brom-benzyl bromide with Bodiuin : ~ 

2 c»H 4 f ^ 'uaKi -f- •» a : 
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or. + + 

= [ J’JJ j ( V.U 4 + 4 NaBr + 2 H. 

Anthracc'ue is [)re[>nrt*d in large quantity from those portions 
of coal tar \vlii(di ))oil hetwcam and 3u{>^. The distillate 

is redistilled, niul that which remains in tlie j'etort after the 
temperutnie has reached is crystallized from xylene. It 

is then erystallizeeV from ah'ohol, and tinally sublimed. It is 
didlcult to get it in perfectly pure condition. The color can 
l)e removed ]»y dissoh ing the suhslanci* in Ixaizmie. and exjx>s- 
ing it to direct sunlight. 1 ( forms laminie, or monoelinic plates, 
wliu-h are lhiorosi*ent. It melts at 21 atid boils above 360°. 

*iydlirac(‘nc takes up hydrogmi, foriiiiiig 
CViUi^. and JieXif-hydro--aiifhrw‘(‘tif^^ C'liHir,- it takes up bromine 
and chlorine, forming first addition-produets, and then substi- 
tution- prod nets. 

Oxiilizing agents convert anthrtieene into aitthraMiuinone^ 
ChMsO.j, just as they convert uaplitlialene iuto naphtha- 
quinone. , 

Tlu; formation of anthracene from orlho-brom-lienzyl-bro- 
iiiide (sia.i a]>ove) fiiriiislies strong |ji 4 ’oof in fa^or of the view 
that anthracene consists of two groups. ColI.i, united by tlie 
group (yr. ; thus, (yi^ .Cdi. . ('JIj. It lienee appears as a 
(Itpieuylene ^ deri\ alive of ethane, aiuilogous to 

di|>heuyl#et]iaue, Cyii(( y I 5 ):-. This coueeption may idso be 
ox[>ressed thus ; — 


11 

11 


c 

,c. 


lie 




t i j j 

c-cil-c. 

^ f 1 ' 

j 

/CH 

II 

TI 



This is the funniihi eommonly aece[>h*d for anthraceue. It is 
1 laieuyieiu' ~ Odh' 
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itt harmony with a large number of facts, and has been an 
efficient aid in investigations on anthracene and its derivatives. 

( CO * \ ■ ^ 

> CfiHJ. — jf nthra* 

quinone is formed by direct oxidation of anthra(‘enc : — 

CnHio + O. - (ulWj + IbO. 


The simplest synthesis of anthraquinoiie that has been ef- 
fectixi consists in distilling eidcium phthalate. It is believed 
that the reaction whicti takes place is arndogous to that which 
takes place when the calcium salt of a inonol>asic acid is distilled. 
As is well known, in the latter case a ketone eonbiining one 
earlKuiyl group is formed ; and it is belie v ed that the product 
formed in tlie distillation of calcium j>lithalate contains t$ro 
carbonyl groups, and that it is a re{)n\sentative of a clas^ of 
bodies which may lx> called dikefories, I'lie subject of dikidones 
was briefly discusvsc<l under the head of tJuinoiu‘S (vvliieh see). 
The equation retncsculing the foriuatiou of antiiraquinone from 
calcium phtlmliile is here given : — 


CeH4 1 
C6H4{ 


:COO 

co'o 

f 

COjO 

[coo 


> Ca; 

= c«ii 4 < 

> Cii; 


CO 

CO 


> CgH, + 2 CaCOg. 


Experitiieiti 80. Dissolve comnierclnT fiiitliraccaie la 220‘-^>t 
glacial acetic acid Slowly add to the boiling sobition chromic acid 
in 50''^ acetic acid (50 p. <•.). Boil for sf»me hours. After cooling, add 
750^c water; filter^ wash; dry; and sublime. 

Anthraqainone forms rhombic crystals, ItBubliines in yellow 
needles ; is ins^^uble in water, but slightly soluljlt; in alcohol 
and ether. It is an extremely stable compound, rtisisting the 
action of ahjoliolie |)otasl} and oxidi;^ing agents, Molkal with 
solid potassium hydroxide, it yields benzoic acid : — 

Cj 4HA + ^ KOH 2 C’7ir,0,K ; 

CgHi < + 2 JvOl I 2 CgHg .COOK. 
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Redticing agents convert it sueccBsively into oxanthranoL 
antkranol^ CiJIioO, and anthrcmne^ These 

cl^angos ittiiy be ^represented thus : — 


+ H, 




Oxanthranoi. 


('«Il4 


on (OH) 
CO 


>C,,H4 + H, 


0 ( 00 ) 

C„ll 4 < I >CJI, + H* 0 ; 
OH 

Anthranol, 




C(OII) 

CH 


CH 

>C,ll 4 -f llo - C,H,< I > C0II4 + H2O. 
CH 


When }i(‘nto(l ^yith ziiw dust, it yields anthracene. A great 
ma^y derivatives of anthi-aqninom* have I)een made. Among 
the best known are the iiydroxyl derivatives, some of which 
(ire imich-priz(‘(l dyes which are rnaiiufaetured in great quan- 
tities. 

The hydroxyl derivatives of anthraqulnone can be made by 
melting either the bromine derivatives or the sulphonic acids 
with caustic potash. 


Alizarin, > 

Di-hydroxy-anthra.iuinone, i 

Alizarin is tljc well-known dye which is obtained from madder 
root. The siil>staiK‘(! found in tlie root is rtiberytlinc arid^ a 
glueosid#* of the formula C:^>lh>20H- When this is 'treated with 
dilute acids or alkalies or ferments, it is decomposed, yielding 
alizarin and a glucose ; — 

- C hHsO, + 

^Alizarin. Glucose. 

It is formed by rnelting dichlor- or dibrom*anthraquiuone ox 
anthraquinone-monosulphonic acid with caustic potash: — 

Cx,H,O^.SO,K + KOH q- O = + KgSO*. 

Alizarin is now manufactured from anthracene on the large scale, 
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and iai-ge tracts of land which w^ere formerly used for culti- 
vating madder aie n^w used for other purposes. 

Experiment 81. Dissolve 20* anthracjuinone* In a small quan- 
tity of fuming sulphuric acid, heating gradually to 2(>0^. Dfssolve 
the product in a litre of water. Neutralize with tiuely^powdered 
chalk; inter. Frecipitnte with a solution of soditifu carbonate; 
tilter; and finally evaporate to dryness. Tlu‘ salt thus obialned is 
impure sodium anthnujuinone-mono-sulphonate. In an iron crucible 
mix 10>t of the siilphonnte, 4(^ sodium hydroxide, and 'M potassium 
ebloi'tite, and beat for seveml hours at 105^ to‘ 475”'. The formation 
of alizarin, during the melting, is shown by the dark-purple color of 
the mass, W'hen a little of this is dissoh <‘d in water, it should form 
a iHnvutifiil purple-red solution. Continue tlie melting until the mass 
acts In tills way. Dissolve the mass in to V water, and acidify. 
Ali/arin is thn)vvn down in iirovvn amorphous Hakes. Filter otf, dry, 
and sidilime between watcli-glasses. ^ 

Alizarin forms red needles, which melt at 275"^ to 211 ^. It 
dissolves in alkalies, forming dark pnrple-red solntions. When 
heated witli zinc dust, it yields anthracene. It was this nmetiou 
whic'Ii gavt' tile first due to the mitme of iilizarin, and I(m 1, soon 
after, to its synthesi.s. 

Some compounds, isomeric witli alizarin,* and also derived 
from antliracene, are ktiovvn. 


Purpurin, 


( 




Tri'hydroxy-anthraquinone, 

Purpurin is contained in madder root, and is therefore found 
in madder alizarin. It can l)o i!utd<‘ liy melting alizarin-sul- 
plioiiie -acid witl^caustic potash, and also b}' melting tri-broni- 
anthraquinone with caustic jx)tti.sh. 


Anthrapurpurin, isopurpurin, C/^BtiOdOIDs, is found in 
artificial alizarin. • 


Phenanthrene, Ci*Hjo, which Ls isomeric with anthracene, is 
also found in the higher boiling parts of coal tar. The chemical 
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conduct of this hydrocarbon has led to the conclusion that it 
c^^isi.sts of two benzene residues directly uriited, as in dipljenyl, 
; ami that a further cormection between the benzene 
residi^es is esta))}is]ied tlirou<rh a group —(’H = CII — , thus 
giving as the expnession of tin* structure the formula 

1 1 • 

CH = CU 



CHAPTER XXI. 


QLUCOSIDBS, ALKALOIDS. BTC. - CONCLUSION. 

the head of the suirars, ndV‘n‘iK*o was made (see p. 
180) to a class of lK>dii‘s (‘alleil (fhwosidf^s^ whicli occur in 
nature in the vcgctahii* kiuoxloni. These Ixxhcs hreak up 
under the inthiencc of diliiO" acids or ft rnicnts into sugar and 
other bodies. Thus, .'^aiicin ]»rcaks uj>. according to the equa- 

+ ICO 

= -f c,;n,(()H)( ir,oH 

1 Saiii' v!u; al<‘t>iiof. 

into dexttT>s(* and salicvlic alcohol, the alcohol corresponding 
to salicylic acid. Some of the more important ghicOvsides are 
mentioncfl lie low. 

Aesculin, C, ,Hir.0.i - H^O, occurs in ^ the bark of the 
horse-clu’stnut tr ee ( .b >••'?/ ///x flipfun fistinifnit) , It breaks up 
into dextrose and aeseukdin : — 

-f Il2^> -- ^ f 

Its water solution shows blue fluorescence. 

% 

Amyg'dalin, C .^H-tNOh + 3 H.O, occurs iiarticaihirly in bit- 
t<*r almonds ; als^i, in the kernels of apidcs, iiears, i>eaches, 
plum.s, cberricB. etc. With t iuulsin, which is an aqueous 
extract of alnumds, amygdalin is broken up in benzoic alde- 
hyde, hydrocyanic acid, and dextro.se — 

+ 2 H,(> ( VH/) -b Cmi + 2 

Tannins. — Under tliis head are included a large number of 
substances, some of which are gkicosides. They all give either 
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a blue or a green color with ferric salts. They have a bitter, 
astringent taste ; are precipitated by solutions of gelatin ; pre- 
cipitate solutions^ of metals, and absorb oxygen in alkaline 
Bolutioij. d'hey also unite witi) animal membranes, forming 
compounds which resist the piitrefaetive forc-es, thus tmining 
tliem, or conTorting them into heather. Reference has already 
been maoki to ga Ho- tannic acid, which breaks up iiito gallic acid 
and glucose. 

Helicin, ! I H O, is formed by the oxidation of 

saliein (wlneli sc‘e). It lias also beam made artificially by mix- 
ing an a]colK)li(‘ solution of ac'etochlorliydrose with the potassium 
com{)oim(l of salicylic aldehyde : — 

( ,H:( 105(( U1,())4 -f ( ;IIdUC + l(yi,0 
... + KC 1 -f I ('JI,.(bnd>,. 

Acctoehlorhydrose is formed l>y heating dextrose with an 
excess of acetyl chloride. 

Helicin breaks uj) into dextrose and salicylic aldehyde. 

Indicau, oeeurs in woad. It yields, among 

other products, dextrost* and imligo blue : — 

-f 2IU) - 'M'rXhoO, -f ( slbNO. 

huJitfo 

Myronic acid, CioH,.,NS:0„„ is found in the form of the 
potassium* salt in black muslArd seed. When treated wdtli 
myrosin, which is contained in the aqueous extraet of white 
mustard seed, j)Otassium myronate is eonvertetJ into dextrose, 
ailyl rnuBtard oil, and acid potassium sulphate r-** 

C,«lI.«NS,(),oK «= C«fl,A, + Cyij.NC'S + KHSO,. 

Salioin, CJ3^^07, occurs in willow bark, and in the bark and 
leaves of poplars. Its decomposition into salicylic ak.')hol and 
dextrose has been referred to (see preceding page). 
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Saponiu, is found iii soap loot (Saponami 

nalis). Its water solfttion forms a latlun* like that formed hy 
^ < . *1 
soap.' It is said that this is utilized for the purpose of givung 

to ‘‘soda water** the appearance of ellVrvescenee. 


Alkvloios, 

The alkaloids are eoinpnniuls <K‘ciirriug in plants, ffequeutl v 
constituting thosi* parts t»f tlu* }»lanls whicli art* most active 
when taken into the animal body. Tlit'v hence sometimes 
called tlie (/r//ee ^>/*//e'/p/e.s' of tla* [slants. Many of liiest' snl>~ 
stances are used in mrdi^ane. As regards their clitmiieal char- 
acter, they are i»asie in tin* sense that ammonia is l»asi(‘ ; tiun' 
contain nitrogt i). ainl ftnan salts. jn>t as ammonia does, /.c., I>y 
diriud addition to tin' aeids. 'i'ln'se and otln r facts lead to the 
belief tinit the a]kah)ids are related to anunonia — that tlu^y are 
snhstitnttMl annnonias. lifeently it has Ixam shown that several 
of the alkaloids are related to pyridim' (set* p. *h)!t) and (piino- 
line (see p. .Hla). Only a ftov of the mort*. im|K>rlant alkaloids 
need be mt‘Utioned here. 

Aihnhtiils uf 1 * 4 ' r^n'iiUi Burk. 

Quinine, C^H tN O, * 3 H, 0 . 'fhis valuable snlnstance is 
obtained from tin* outer l>ark of the (‘inchona varii‘ties. When 
oxidized, it yields derivatives of ]»yridine. In view of the 
interest connectetl witb (piinine. tlie discovery of its reiatioffto 
pvridine and qniiu>lit)e has led to a large mimbi'r of uvvestiga- 
tions on the derivatives of tlie.se two liases, and it is |)robable 
that before long it will be possibh; to make (piinine synthetically 
in the hd>oratat^; 

The salts of quinine are formed liy direr-t arldition of the base 
to the acids. Tims, we have ' 

Qtdnijie hydrochlonde . CyrjUsiNi ). . HOI ; 

Quinine nitrate , . . . CV,ITtN;^02 . HNOa ; 

Quinine tfulphcUe . . . . 112804, etc.* etc* 
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Oinohonine, Oi-jHaiiNxO, oinchonidine, GiyH^aNjO, and 
bases occur with quinine in Peruvian bark. 

» # 

OocAine, 0 „H,.NO„ is foLimi in cocoa leaves {Erythroxylon 
coca) . Very little is known regarding its chemical nature. Its 
hydrochloric acid salt, CjdL,iN04. IKU, has recently come into 
prominence in uiediciii(‘, owing to the fact that it is a {K>werful 
anaesthetic. 

Nicotine, C,oH,,N., or*curs in tobacco leaves in combination 
with malic acid. Potassium pennanganute converts it into 
nicotinic acid, which is one of the possible p\'ridine-monocar- 
honie acids. 

Vt 


Alkalouh of Opium. 

Opium is tlic evaporated sap which Hows from incisions in 
the cai>sules of the white l>oppy {Paparcr sorarilfeomm). before 
they arc ripe. Tlie two principal alkaloids contained in opium 
are morphine and narcotiue. 

Morphine, CnHiyNO., -f H,. 0 , is a ervstallizable solid which 
is didieultly soluble in water, alcohol, and ether. When de- 
composed, ityields pyridine, trimethyl-amine, and phenaiithrene, 
together witli other products. 

• • 

Narcotine, C2.HWNO7, has been shown to contain three 
methyl groups, which are split olY, as methyk chloride, when 
the substance is heated with hydrochloric aeijj^ 

• 

Piperine, is contained in black pepper. When 

treated with alcoholic potash, it breaks up into piperidine and 
piperic acid : — 

C^U,,lSOs d- H,0 - C,HnN 4* 

Piperidine. Plperio aoid. 
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Piperidine, C^HuN, which, as just stated, is formed by the 
decomposition of pi{)eni)e, has been made syn iietically by treat- 
ing pyridine with naseetil hydrogen : — 

CVI5N + 0 H CdluN. 

V*yridin<‘. P}j>oritiinr. 

It may therefore he (‘ailed (see p. 309). 

Strychnine, CmH-N^O., and brucine^. C^sH^eNaOi + 4 H 2 O, 
are two alkaloids w)ii(‘ii occur in nhx vomica. 


In the animal IkkIv o(‘ciir a large numh(fr of (complicated sub- 
stances, the study of whiel), at this stage, would liardlv 'he 
profitalde. Hius, there are the albiimiris, (*as(‘ins, and lil>rin ; 
the (‘oloring-inatters of the blood, oxyluemoglnbin, banuoglobin, 
etc. It rnav be said that, notwithstanding the importance of 
these sulrstanees, our kimwlcdge of their claMuislrv is (]uite 
limited. 

The sludv of the composition of animal snb,stan(>‘S, such 
as milk, urine, etc., and of the ndations of the (*hemical sub- 
stances occurring in the IhkIv to the [U’oc’cs.ses of life, is tlu? 
object of physiohvjical chemistry. Without a good knowledge 
of the general chemistry of the eomiK>unds of (‘arbon, however, 
the subjects treated under tiie head of Physiological CliemiAiry 
cannot l>e understood. 
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Acetic iKnd, 57. 
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Oxalic, 142. 
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Aciti, Phenyl-aectie, 2iH. 
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Piperic, ii57. 

Propiolio, 228. 
Propionio, 131. 
Fn>tocat«ch«ii% 
PnttvSsic, 80. 
PyrojcaUic, 270, 
Pyroiartaric, 142, 147. 
Racemic, 172. 
RcH‘cellic, 142. 
Saccharic. 170. 
Salicylic, 300, 
Sarcolactic, 101. 
Sebacie, 142. 

Sorbic, '228. 

Stearic, 131. 

St’yplinic, 278. 

SulHTic, 142. 

Siiwiiiic, 142, 144. 
Sulpho-cyaiiic. 84. 
Tanaic, 

Tartaric, 171. 
Tartronic, 107. 
Tattrtuvholic, 1V»0. 
Terax rylic, 220. 
Terepbthalk*. 2*8. 
Petrolic, 228. 

Toliaic, 2H. 
Tri-carballyli(% 152. 
Tri-<!hlor*acetic, 03. 
Trimesitic, 248. 

Uric, 207. 

ITvitic, a»8. ^ 

Vanillic, .KKi. 

Valeric, 13.3. 

Aconitic acbl, 223. 
Acrolein, 218. 

Acrylic ju id, 220. 

aldehyde, 218. 

Adipic acid, 142, 
Aescnlin, 354. 
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(Oil oral, .53. 

hydrate, .5.3. 
Chior-cthane, 20. 
Cyorhydrin, 140. 
(.3iln^>iuethane, 27 
(Jbloroform, 28. 
Chlor-prupionie acid. 131. 
Cholic acid, bwi. 

(?/iiuicu* acid, 220. 
Cinchonidiiie. 357. 
Ciiuihouiiie, 3,57. 
Cinnamic acid, 327. 
.\mido-, 320. 

3211, 

Citric acid, 174. 

(5»al far, 232. 

Cocaine, il57. 

CoUjdine, 300. 

Cournarin, 320. 

Creatine, ■<01. 

Creatinine, 202. 

( ■resols, 270, 

Crotonic acid, 221. 
Ihiininif* aldehydi*, 285. 
Cuniiuic aldehy<le, 285. 
Cuminol, 285. ^ 

Cmninyl alc»>h«,l, 283. 
Cyau-acetic acid. 141. 
Cyan-ainides, 20|. 
Cyanates, IK). 

Cyanic acid, 83 . 

Cyanides, 80. 


Cyanogen, 79. 

chlorides, 83, 

Cyanuric aidd, 84. 
Cymene, 252. 

(Jymogene, 110. 

D. 

Dextrin, 101. 

Dextr(»se, 170. 
Di-acetainide, IW. 

1 >iazo-benzene coin- 
i pounds, 204. 
j Di-broin-beu/cnc, 2501 . 

, 1 )i-chlor-acf‘tic acid, 03, 

; Dicblorbydrin, 140. 

I Di-cyan-diamide, 201 . 

I Di-iuctliyl-amino, 05, 
i Di-mclb> l-bonzeiie. 21.3. 
Di-nicthy]-carbinol, 127. 

, I>i-in<‘tliyl-etbyl-metbnrie, ' 
lli>, I 

Di-inetbyl-ketone. 70. 
I>i-iru‘thyl-phospliinc, 10;>. 
IM-methyl-xantbine, 208. 

! Dinit ro-benzciie, 201. 

: Dioxindo), 333. 

Dipltciiyl. 

i I>i-idienyl-nietliane. 315. 
i Diphenyl ether, 273. 

, Dijtroparayl, 221). 

; Dudecane, lOS, 

; Dnlcitc, 151. 
i Dun* lie, 2^1.3. 

Dynamite^ 151. 

B. 

Eosin, 324. 

: Enieic acid, 220. 

Erythrile, 152. 

Kryflirosis 178. 

Ktlmne. 20, 24. 

I Ether, 42. 

! Ethereal salts, 00. 

i Ethers, Formation of, 41. 

1 

I Ethers, Comt>ound, (>0. 
i Mixed, 45. 
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Ethyl acetate, 08. 

alcohol, 37. 

*Etliyl aldehyde, 40. 
bromide, 29. ^ 
carbamine, 88. 
carbinol, 127. 
chloride, 29. 
cyanide, 80. 

Ethylene, 213. 
chloride, 32. 
j cyanide, 145. 
j glycol, 130. 

i ]a<*ti(' acid , 1(>4. 

i Ethyl ether, 42, 

1 Ethylidene chloride, 32, 
i 50 . 

! Ethyl iodide, 20, 
isocyanide, 88. 
isosnl phocyanate , 92. 
mercaptan, 74. 
methyl ether. 45. 
mii.siard oil, 02. 
nitrate, 08. 
phosphate, 08. 
phosphoric acid, 68. 
sulphate, 6<S. 
sulphuric acid, 42, 68. 

F. 

Fat.s, 151. 

Fatty acids, 129. 
Feliliug's .solution, 181. 
Fermentation, 38. 
xMcoholic, 38. 

Latdic acid, 38. 
Ferments, il8. 
FerScyanogen com- 
pounds, 82. 
Ff!fRc>'aiK>gen <?om- 
pounds, 81. 
Flashing-point, 110. 
Fluorescein, 323. 

Formic acid, 54. v 
aldehyde. 40. 
Formula, constitutional, 
15. 
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Fomula^ Determinatioa 
of, 12. 

Fructoie, 1 H 2 - 
Fruit sii#rai% 182 v 
Fucitsirie. 'UvK 
Fahuinato.s, 102 . 
Fultwinie actil, 102 . 


I Hydroqtthioue^ 278. 
rHydrosoibic arlil, 220 . 

I Hydrc^xy fatty acid.^i, 155. 
j lXydr4>xy succinic aciils, 
I HJ7. 

} Hyeuic acid, l.SO. 
j IIy}»ojj:;vic acid, 220 . 


Fumaric acid, 222. | 


I. 


I^iurlc ftcld, 1.‘^. 
l^iuriiiol, 813. 
[.^dciuc, 100 . 

uUvsc, 182. 
Lutidiue* 809. 

M. 

Maleic acid, 222. 
Malic acid, 10^. 


G. 

Galactose, 184. 

Gallic acid. 304. 
Gasoline. 110. 
Glucose, 170. 
GJucosidcs, '15-1. 
Glyceric acid, 
Glycerin. 147. 
Glyccrose, 178. 
(ityciae, 15vS. HO. 
Gly<NX‘li(.>iic acid, 1.>H. 
Glyoocoll, 104. 
Glycolic acid, 158. 
Glycols, 13<i. 
Glyoxy4c ?und. l7o. 
Grape sugar, 170. 

Gna III dine, 201. 
Guanine, 208. 

Gum**, 191. 

Gun cotton, 188. 

H. 

Heediarane, lt? 8 . 
Hclieiii, .'155. 
Heptanes, 108. 

Heptyl alcohols, 128. 
Heptoic acid, 12J). ^ 
Hexanes, 20, 108, 110. 
Hexyl aha>hols, 
Hexylerte, 213. 
Hippuric acid, 2iK'». 
Homology, 20, 108. 


Indicitn, ;i55. 

Indigo, 

: Indig<>-lduc, 
IndigM-whitc, 
InvtT.viou, 185. 

Inve rt .sugar, 18f>. 

; lodo-etlianc, 2^.‘. 
loilvHiucthanc. 27. 
I«>d<)fonu, 28. 

Lsatine. 2*.d . 

Keihionic acid. 105. 
Isobar .110'. IM. 

Isubatyl alc<*h«d, 121. 
l.s<d)oiy ric acid, ^ 

l.sucvaimfc>, *.K). 

1.S4 ‘cyanides. 88. 
Isohexanc, 117. 

; Lsoincrism, 81. 

Idiysical, 1<>>. 
i isoujiroso cOiU|MU»nd.s, 

; U)l. 

^ IsoiH iitaric, 110 . 

Iso|dtlharu‘ acid, 298. 

; IsijpropN ) alcohol, 120. 

; Ls'ipurpurin. ^ 52 . 

!, Isosuccinic iu-id, 140. 
Iso-sal pboHJvaates, 91. 
Itaconic acid, 223. 

K. 

Kairine, 347. 

Kerosene. 110. 

Ketorie.s, 70. 


i Malonic acid, 142, 144. 

1 

; Mahaiy] area, 200. 

' .OMtose. 187. 

: .Mannite, 153. 

Mamacstg 1H4. 

; Margaric acid, 130. 
Mar.sh gas. 20, 23. 
Mclis-sic acid, 1:10. 
.Midiitic acid, 299. 

M< Uing-|)oiiits, 8. 

Me reap! a ns, 74. 

M< rcur\ ethyl, 105. 

fulinriiatc, 102. 
Mcsacoitic acid, 22.3. 
Mcsitylenc, 248. 
Mesitylrnic acid. 2il5. 
.Mc.soxalic acid, 170. 
ivlctalclehyrle, 49. 

.M‘ tamerisin. .81. 
Melliaiic, 20. 23. 

Methyl alcoiis)!, ,'>4. 
aldehyde, 10, 
amine, 94. 
bromide, 27. 
chloride. 2C. 
i cyanide, 80. 

I iiMlhle, 27. 

* Mcibyl-phenyl ether. 273. 
j Medhyl-phosphine, KXb 
I MeUiyl-pltosphinic a^dd, 

j* 10 :b 

j Methyl sulpharic acid, 08. 
I Mcthyleiut ioditle, 27. 

( Milk sugar, 180. 

! Morphine, /i57. 

I Miwnc acid. 170. 
i 51ustard'oils, 91, 


Hydi^'.rylic acid, 102. 

Ifydraziinif?, 99. 

Hydro-ciirlK>styril, 290. 

Hydro-oinnamic acid, 295. Lactic aeids, 100. 
HydrtKryanlc acid, 80. 1 Ijactose, 180. 
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Myronic at'id, 355 

. Parabatiic add, 205. 

! Purpurin, 352, 

Myrijsiii, 355. 

^ Para-c vaiiogen, 80. < 

Pa rath 11 , 110. 

J pyridine, 3<Xb 311,358. 
i Pyroeaiechin, 277^ 

N. ^ 

' Parattins. 108. 

j Pyrogallic acid, 279, 

Naplithi, 110, 

Paraldehyde, 40. 

' PyrojTiiUol, 270. 

Niiphthnlene, 3,'i^i. 

Para - cxylx^nzoic acid, 

l'\ rotartaricacid, 142,147. 

Naplitliols, 313^ 


‘ Pyroxylin, 188. 

Xapljthoquitunif, ‘MO. 

Pa^a-^o^^llli^in(*, 318. 

! Q 

Narrot iric *357. 

Pentanes, 2tb 108, 110. 

Nicotino, 311, :}57. 

P(M]tyl alcohols, 125. 

1 f^uinaldine, 345. 

Nitrilos, H7. 

Pcr.scitc, 154. 

Quinine, 350. 

Nitro4>(‘nzfiH‘, 2<K). 

Pctrulciim, KXb 

^ Quinoline. 345. 

Nit ribbon /oio iiciOs, 
Xitr(K‘elluloM\ 1S8. 

Phcnaiillirene, 352. 
I'licnol, 271. 

Quiijone, J^)8. 

N'itro-clilorttforiii 101. 

Nitro. 274. 

R. 

Nitro-oinnaniio 

pht hale ill, 320 

Kac‘m»ic acid, 172. 

Njtr<jf<*nn. 101 

I ri-miru, 274. 

Kt*sor<*in, 277. 

XilkToueiu Estinmtinn, 11. 

Plums 1 acclare, 273 

HcNorcin-pht halcin , 323. 

Niti'i^j^jiyiorin, 151. 

Plicn> lacetie acid, 204. 

Hhaninosc, 179. 

Nitro-inetlmiu*, 100. 

Plu n\ l-a<*ct\ Icnc, 3,30 

Khi^xolenc, llO 

Nilroso-iMMiipouinN, bU . 

Plums 1 acr> in* acid. 327 

Kocecllic acid, 142. 

Nih'r)-tulue!it*'^, 201. 
Nonam*, lOH. 

Klums 1 amine, 2<>2 

Plicns )-ctln I alcoliol,2s ' 
> 

Ph cn y 1 -n u • real )i a n , 275 . 

Rosaniliiie, 310. 

S. 

O. 

Plums i-propyl ulcoh.tl. 

.'^.iccharic acid. 170. 

108. 

28.1 ' S 

Salicin, .‘‘>5.5. ^ 

al('<0io), 128. 

l'l^<»^ph^u*s, 10.3 

Salicslic acul, 300. 

Oils, Dryinif. 22i>. 

i’h}balcl^^, 320. 

Salicsiic aldehyde. 302. 

Ob'Oaut 213. 

Phihalic acid. 20ti 

.Sali(‘yl)d. 304. 

OloK* 221. 

anhs'dri«lc, 207 

, >apo!jiiJcaiion. 00 

Olein, 151. 

Picolmc, 

Sap(»niii. 35t> 

< ijp’iin baM*s. 357. 

Picric a<*id. 274. 

S.ircosme, 105. 

Ororiii, 270. 

l^imclic acid, 142. 

Sebacic acid, 142. 

( 270, « 

IMporic .ici4. 3>57. 

St-condary aicoliols, 121. 

Oxal.ile.s. 141, 

Pipci'i«iinc, 311. 358 

Sp.'ip>. 135 

Oxalic acid, 142. 

Piperiius ;457. 

Sodii^ii ethyl, 104. 

Oxsiluric acid, 200 

Pul> nuTism, 31 

Sorbic acid, 228. 

Oxalyl un'M, 205. 

Priinars alcohol."*, 122. 

So|j^^;igp254. 

Oximes, lol 

Propjtnc, 20. 

Starch. 180. 

Oxindol, 205. m 

1 Prt>pari»yl alcrdud. 227. 

Stearic acul. 134 

Oxybciizcdc add. 304. 

Piopionic acid. KKt 

Propyl alcohol, 12<1. 

^ Stearin, 151. 

Strychnine, 358. ^ 

P. 

Prt>pylcne, 213. 

Styphnic acid, 278. 

Palmitic aidd, KM. 

I*roto(«Ucchuic acid, 305. 

vStyrene. 325. 

Palmitiii, 151. 

i Prussic acid, 80. 

8tyryl alcohol, 326. 

Pai»fr, 189. 

1 Pseudociimoiie, 251. 

Suberic acid, 142. 
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SubstUntion, 26. 

Sawiam acid, 142, H4 
anhydride, 146 
Stijiiar of nullc, 180. 
Suli>Ucw yaaio iw.‘ul, HI. 
{>ulpitQHn aimtoA, . 
Sulidumic arjd.'s. 76. 
Hulp]M>-uroa, 20<). 

Sulphur 75 

T, 

Tannio acid, ;K)6 
Tttuniii, ilOt), 354. 

Tartaw uedd* 171. 
Tartrouic aohl, 1(>T. 
Taurine, 190. 

Taorochoric 1% 
Tercbciitheiu'. 312. 
Torepbtlmlio aci<l, 2HH 
3H. 

Tertiary alroUnh, 121. 
Tertiary butjl alcohol, 
< 124. 

Tetra-chlor-mcthaue. 28 
Tctra-metli^l - tuctiiHUf, 
116. 


I Theiue, 20S j 

I Theobroiniuc, 208. j 

iTli}ni..l.a78, \ 

\ rolu halaam, 242. 5 

Tohiouc, 212, 

^ Aiuido, 2 (m " 

1 Nitro. 2<d 
Tultdo acids, 2tU 
, Tohiuluu s, 

I Tolyi carhimd, 28^1 
j 'ri'i>aceiamido, ^ 

Tri-hronophcnol, 271 
'I i*i c.irhaUvbc acid. 132 
rn-<dih>r-uc»‘tic acid <*’». 
Trli fdoilivdriu, 1 10 
Tijuu vltic acid, 218 
tn*mMh\UuuiiU‘, 
rri-iiicth> I'Ca rhino! 1 *7 
Tri mctliN l-phohphii}‘\ 

103 

Tri-incUo, l-xanihiii»* 208, 
rri-mir«Mu»4l»uno. UU 
1 riautro-pin uol, 274 *» 
rri-uiUo-rosou'iii, 27H 
' 'Irl-phenAhiucih^io, 310 
[ Tnr|1!^n4iu<*, 312 


V. . 

!Jtt<<atnrated coni|)oundi4r 

' 210.. 

Ifmi, 202, 

Tnc acid, 207 
lAaica«hi24H. 

V. 

\'alcric iiclds. Ki'l 
Valylcnc, 220 ^ 

'i-a»dlUe add, :i00 

206 

W. 

W»i()d spirits. IH 
X 

Xanihinc. 207. 
Xanthaj4**iuc Id, 157 
X\h>fU^s, 2in 
V\ liditjcs. 2<)4. 

X\hte, 132 
Xvlnsc, no 

Z 

/me cth\l, OH 
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